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INTRODUCTION 


The remarkable progress made in the United 
States with respect to the control of tuberculosis 
1, 2) is conspicuously reflected in the following 
analysis of the prevalence of tuberculosis among 
Selective Service registrants currently examined 
for military service. For a complete evaluation of 
such prevalence, the present analysis includes: 
cases diagnosed as tuberculosis among registrants 
examined for military service at the Armed Forces 
examining stations (APES); cases of tuberculosis 
established by the local boards prior to the AFES 
examinations; and hospitalized cases of tubercu 
losis among registrants inducted into the Army, 
(EPTS) 


diagnosed as “existing prior to service” 


The APES data will be discussed first 
\leriops 


\IATERIALS AND 


lrmed Forces Examining Stations Data 


local board to the 
military service from a moral, mental, and medical 
standpoint (3). The 


registrant forwarded by his 


Armed Forces examining sta- 


General 


tions is evaluated as to his fitness for 
physieal and psychiatric 
medical evaluation consists of a complete medical 
including «a chest roentgenogram 
since 1953. (Prior to 1953 a chest roentgenogram 
was required only when the registrant was found 
The findings of the 


eXamination 


otherwise medically qualified 
medical examinations are reported on Standard 
Form SS (“Report of Medical Examination’’) 
Chest eramination: The examination 
and the standards of acceptability 
are stipulated in) Army 
regard to ehest examination, the current regula 
require that a pertinent history of past 
diseases be taken in addition to the usual 


medical 
proc edures 


regulations (3, 4) In 


tions 


chest 
From the Medical Statistics Division, Office 
of The Surgeon General, Department of the Army, 


Washington, D.C. 


methods of physical diagnosis and a roentgeno 
gram. The regulations emphasize particularly 
the importance of such an inquiry when certain 
symptoms of respiratory disorders are present, 
such as underweight, unexplained fever, recurring 
cough and expectoration, hemoptysis, pleurisy, 
or chronic laryngitis (4). 

A small (70 mm.) roentgenogram is ordinarily 
used at the AFES. The film is read by a qualified 
roentgenologist, either civilian or military. If 
the interpretation of the small roentgenogram 
is difficult or doubtful, a 14- by 17-inch film is 
prescribed. Moreover, chest films showing doubtful 
shadows or nonaecceptable lesions are jointly 
reviewed by the roentgenologist and an internist 
experienced in chest diseases. The original report 
ing is done on a roentgenographic report (Standard 
Form 519a) and is later transcribed by the Armed 
Forees examining stations to Standard Form 88 
(item 46: Chest x-ray) (3 

Standards of acce plability: The chest findings 
are appraised in terms of the following standards 
of fitness for military service (4 

Acceplable : Profile s 1 and 2. Normal chest 
roentgenogram and no history of tuberculosis 
or pleurisy with effusion; discrete calcified 

lesions, single or multiple, hilar or parenchy 
mal, with no history of active tuberculosis or 
of pleurisy with effusion. (Profiles 1 and 2 
imply no restriction from a medical viewpoint 
assignment 
in regard 


as to the examinee’s military 
See section “Coding Instructions 
to profiling 

Acceptable: Profile 3. Roentgenographic 
finding of fibroid residuals not exceeding 4 
sq. em. in area, with or without calcified in 
clusions and with no history of tuberculosis 
or pleurisy with effusion, provided careful 
clinical study, including bacteriologie ex 
aminations and serial roentgenogram over a 
period of six months, shows no evidence of 
active disease; authenticated history of 
minimal tuberculosis more than five years 
previously with present chest films negative 
for parenchymal disease. (Profile 3 indicates 
certain assignment limitations. ) 
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Vonacce ptable Profile 4 Active tuberculo 
sis in any form or location; pulmonary tuber 
active within the five 
pneumothorax tuberculous 


past 
ol 


culosis, vears ; 
spontaneous 
origin 
Sample studied: A copy of the medical examina 

tion report (Standard Form 88), ineluding other 

pertinent records, of each disqualified registrant 


and a copy of these reports of each registrant 
indueted into the Army are forwarded to the 
Office of The Surgeon General of the Army. The 


data for this part of the analysis were taken from 
these reports. They relate to registrants who were 
examined during the fifteen-month period from 
January, 1957, through March, 1958 

During this period, 50 per cent of the received 


TABLE 1 
Mepical 
SERVICE 


IXAMINATION 
REGISTRANTS 
Acre, Racer, 


OF THI 
SELECTIVE 


rue SAMPLE, 


DISTRIBUTION 


REPORTS OF 


INCLUDED 
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ol 


randomness 
sample, the selection for coding was made by 
taking, for the disqualified registrants, all reports 
on which the Selective Service numbers assigned 


reports were coded. To ensure 


to the registrants by their local boards ended 
in an odd digit, and for the inductees, all reports 
on which the Armed Forces Service numbers ended 
in an odd digit. Of the coded reports, only those 
of registrants forwarded for a preinduction ex 
amination for the first time (not previously ex 
were included in the study. (The reports 
of forwarded for re-examination, 
usually previously disqualified for 
medical causes, were excluded from the study for 


amined 
registrants 


registrants 


obvious reasons 
The sample study 
not previously examined registrants 
disqualified for military (all 
and 86,000 forms of registrants who qualified for 
military service and were inducted into the Army 
The distribution of the reports by age, race, 


included 91,000 reports of 
who were 


service reasons 


and military qualification of the examinees is 
, . 2 presented in table 1. A per cent distribution of 
these examinees (disqualified and qualified) by 
January, 1957, through Mareh, 1958 single years of age and race is graphically shown 
in figure 1. The average age of the examinees 
= Disqualified I ted was 21.5 vears; this was also their modal age 
Last Birt The mean age was practically the same for both 
White Negro White Negro racial groups: white (21.6 vears) and Negro (21.4 
vears). The term ‘‘white’’ denotes non-Negro 
Total 66 663 24,894 75,936 10,029 Chest roentgenographic diagnostic categories: The 
following diagnostic categories were established 
Less than 19 3.240 2,416 7,295 1,604 for coding the chest roentgenographie findings as 
19-20 $1,027 2,497 15,257 2,228 reported on the form 
21-22 53,666 19,1SL 48,270 5,666 1. Negative 
23-24 1,271 584.04, 278 132 2. Positive active tuberculosis 
25 and oldet 1,459 216 S36 Wd) 3. Arrested tuberculosis, acceptable for mili 
tury service under the current medical 
Mean age (vears 22.1 21.6 21.4 | 21.3 standards for induction and enlistment 
!. Arrested tuberculosis, not acceptable 
Relates to registrants forwarded for prein 5. Suspected active tuberculosis 
duction examination for the first time (not pre 6. Positive or suspected neoplasm 
viously examined 7 Positive or suspected circulatory pathology 
(JANUARY 1957 THROUGH MARCH !956) 
PERCENT 
| 
— 50 
WrTE: 286 VEaRrs 
21.4 YEARS 
40 
—+ 30 
to 
410 
le 
23 24 2s 26 
AGE: YEARS 
Pia. 1. Distribution of registrants examined for military service by race and single years of age 
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8. Positive for chest pathology, other 

o Suspected chest pathology, other 

Only chest roentgenographic diagnostic 
code was used for each medical report. When 
more than one code was applicable to the chest 
roentgenographic findings, priority given 
to the numbered listed above. 

Coding The general instructions 
to the coders were that the chest roentgenographic 
entries (Standard Form 88, item 46) be appraised 
in terms of the following related entries on the 
(item 28), under which 
ny associated abnormality is to recorded; 
‘Summary of Defects and Diagnoses’’ (item 74), 
inder which all pertinent (whether dis 
qualifying or not) are summarized; item 78 which 
lists the disqualifying defects whenever the ex 


one 


was 
lowest code, as 


instructions: 


form: ‘‘Lungs and Chest”’ 
be 


defects 


uminee is found not acceptable; and the examinee’s 
profile category (item 76 

The examinee’s profile category 
represerts an evaluation of his functional capacity 
on the basis of the medical findings, in terms of 
the PULHES symbolizing briefly the 
following 

P—Physieal 


physical capacity or stamina, 


presumably 


factors 


capacity or stamina: General 


and organic 


defects or diseases which affect general 
physical capacity and whieh do not fall 
under the other specific factors of the 
profile system 

U—Upper extremities: Functional use of 
hands, arms, shoulder, girdle, and spine 
cervical, thoracic, and upper lumbar) in 
regard to strength, range of motion, and 
general efficiency 

L.— Lower extremities: Functional use of the 
feet, legs, pelvic girdle, lower back musculs 
ture, and lower spinc (Gower lumbar and 
sucral) in regard to strength, range of 
motion, and general efficiency 

i Hearing and ear defects Auditory acuity 
and diseases and defects of the ear 

l lives Visual acuity and diseases and 
defects of the eve 

S —-Psyehiatrie: Personality, emotional sta 


bility, and psychiatric diseases, including 
history of such 

Each of the PULHES factors is profiled on a 
numerical regressive scale from | to 4. Generally, 
profile 1 above 
the average with no physical defects or with 
only minimal physical defects; profile 2 represents 
functional efficiency, with mild, 
progressive physical defeets; profile 3 represents 
functional the average with 
moderate physical defects (borderline); and pro 
file 4 represents functional capacity below the 
existing minimum for military 
service, that is, a disqualifying defect. (For more 
6).) Any pathologic conditions 
of the lungs and chest would be accordingly pro 
filed under the “*P”’ factor; whenever the thoracic 
spine is affected, the condition would be usually 
profiled under the “U"’ factor 


represents functional efficiency 


iverage non 


efficieney below 


requirements 


details, see (5, 
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The pertinent specific instructions are given 
here only with to the codes involving 
tuberculosis through 5). (A 
study is planned for the other pathologic con 
ditions revealed by the chest roentgenographic 
findings. ) These instructions to the coders are 
as follows: 


respect 


(codes 1 separate 


Negative (Code 1). The code will be used 
when the chest x-ray entry clearly indicates 
normalcy. Examples of reporting: negative; 
NSA; normal; no pathology. This code will 
be used also in case of such entries, 
calcification; primary 
stabilized; primary Ghon tubercle; thickened 
pleura ete., 
is reported in any of the other related items 
on the form 

Positive (Code 2) 
This code will be used when so specified in 
the chest x-ray entry, or when this entry re 
ports pathology compatible with active tuber 
culosis and the “Summary of Defects and 


as small 
caleareous deposits, 


provided no related pathology 


for active tuberculosis 


contains concurrently a diagnosis 
of active tuberculosis or history of such. 
examples of reporting: infiltration; infeetion; 
patch; 
, When specified as tuberculous, 


Diagnoses” 


fibrous or soft lesion: spot; cloudy 
necrosis, ete 
or accompanied by a diagnosis of respiratory 
Defects 


when not 


under “Summary of 
and Diagnoses.’’ Pleural effusion 

specified as nontuberculous, will also be so 
All such eases are profiled 4 
Arrested tuberculosis, acce plable 


tuberculosis 


coded 
(Code 3 
This code will be used when so specified in the 


chest x-ray entry. These cases should have 


profile 3 

trrested tube (Code 
4). This code will be used when so reported in 
or when the x-ray find 


rceulosis, not acceptable 
the chest x-ray entry, 
ings are confirmed by a reported diagnosis or 
“old” or “arrested”? tuberculosis 
Examples of reporting 
lesions; old rib resection; old pneumothorax ; 
, specified as 


history of 
calcification; stable 


old empyema drainage scar, ete 
of tuberculous origin, or listed under *‘Sum 
as arrested, 


mary of Defects and Diagnoses’ 
healed, or inactive tuberculosis, or history 
of tuberculosis 

Code 6 Ix 
tuberculous 


Suspect d active tuberculosis 
amples of reporting: calcified 
stability undetermined; 
density, rule out 
ported by a definite diagnosis of tuberculosis 


increased 
sup 


process, 


tuberculosis, et not 


profile 4 
OBSERVATIONS 


Distribution by chest roentgenographice findings: 
The distributions of the reports by chest roent 
genographie findings and by race and type of the 
examinees’ military qualification are presented in 
table 2. Fewer medical reports are shown in this 
table than in table 1 since no chest roentgeno 
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TABLE 2 graphic entries were available for about 3.5 per 


DISTRIBUTION OF THE MeEpicaL EXAMINATION 
Reports BY CuHest ROENTGENOGRAPHIC 
FINDINGS AND BY Race AND TYPE OF 


cent of the disqualified registrants and for about 
1 per cent of the qualified registrants. The chest 


MILITARY QUALIFICATION OF THE roentgenograms were either not accomplished in 

EXAMINEES these instances or their results were not recorded. 

January, 1957, through March, 1958) This is true of both white and Negro registrants 
Disqualified’ Inducted athe. 


Prevalence of tuberculosis based on Armed 
White Negro | White Neero  ‘orces examining stations data: Based on the 

chest roentgenographie findings alone, the follow- 

Total 64,377 23,974.75 ,3659,956 ing prevalence rates of disqualifying respiratory 
tuberculosis were found among registrants ex- 


Tuberculosis amined at the AFES during the fifteen-month 


Negative 63 ,440 23 ,716'75, 213.9, 944 
Arrested, accept wae period: 13.1 per 10,000 total (white and Negro) 

able 10 3 19 2 examinees; 11.8 per 10,000 white examinees; and 
Positive, active S4 22 19.9 per 10,000 Negro examinees (table 3). (See 
Suspected, active 78 2: e: 
Suspected, active ' , footnotes to table 3 on the computation of these 
Arrested, not ac 

ceptable Sl 30 rates.) 

Other pathologic These prevalence rates include cases of tuber 
_, Conditions ; culosis diagnosed as positive active, suspected 
Potal 180 133 10 

active, and arrested not acceptable. 
* See footnote to table | In addition to the disqualifying cases of 


TABLE 3 
PREVALENCE OF TUBERCULOSIS AMONG SELECTIVE SERVICE REGISTRANTS EXAMINED At 
roe ArMep Forces EXAMINING STaTIONs* 
(January, 1957, through March, 1958) 


Number of Cases Rates per 10,000 Examinees 


Diagnosis 
rotal White Negro Total White Negro 
Disqualifying tuberculosis 494 380 114 40). 3 18.5 30.2 
Chest roentgenographic findings 318 243 75 13.1 11.8 19.9 
Positive, active tuberculosis 106 S4 22 1.4 1.1 5.8 
Suspected, active tuberculosis 101 78 23 1.1 3.8 6.1 
Arrested tuberculosis, not aeceptable 111 SI 30 1.6 3.9 S.0 
Other findings 176 137 9 7.2 G.7 10.3 
(Arrested respiratory tuberculosis, not ae 

ceptable 120 oO 30 1.9 S.0 
Nonrespiratory tuberculosis 56 17 9 2.3 2.3 2.3 
Nondisqualifying tuberculosis 52 6 2.2 1.6 
Arrested acceptable 52 16 6 2.1 2.2 1.6 

Population bases 242.919 205.218 37.701 


* Derived from table 2. The computations, both numbers and rates, were accomplished in the follow 
ing manner. From the monthly reports (“Summary of Registrant Examinations for Induction,’’ DA 
Form 316) submitted by the Armed Forces examining stations to the Office of The Surgeon General, 
Army, the following ratios of qualified to disqualified (not previously examined) registrants were 
established for this period: White: 2.188 (qualified): 1.000 (disqualified); Negro: 0.573 (qualified) 
1.000 (disqualified). These ratios are obviously different from those of inducted to disqualified regis 
trants in the sample. Consequently, to provide proper data for computing prevalence rates, the dis 
tributions of the inducted registrants by race (table 2) were weighted to agree with the above-given 
ratios of qualified to disqualified registrants. The necessary weighting factors were 1.869 and 1.379 for 
white and Negro inductees, respectively. The resulting weighted distributions of the inductees were 
combined with those of the disqualified registrants, as presented in table 2. The prevalence rates were 
calculated by relating the particular number of cases to the corresponding weighted population bases, 
as given at the bottom of this table 


res] 


roel 
CASE 
the 
sis | 
che: 
mal 
Wh 
non 
diag 
roer 
lene 

(a 


(b 


qual 
whit 
ingly 
lene 
case! 
(tab! 
whit 
prev 
as th 
in th 


Pr 
exan 
at th 
regis' 
defec 
able 
indice 
at th 
each 
all fo 
local 
rates 
respi 
of al 
Negri 
tiona 
tuber 
disqu 
furnis 

No 


per 
bout 
hest 
d in 
ded. 


ants 


‘med 

the 
low- 
tory 

eX- 
mth 
gro) 
and 
(See 


hese 


ber 
ted 


ol 


low 
DA 
‘ral, 
vere 
ed): 
gis 
dis 
iven 
) for 
vere 
vere 


ses, 
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respiratory tuberculosis established by the chest 
roentgenographic findings, 


cases were diagnosed by the medical examiners of 


the AFES as disqualifying respiratory tuberculo 


sis on the basis of other evidence, although the 


chest roentgenographic entries indicated nor- 
maley. These were exclusively arrested not 
acceptable cases of respiratory tuberculosis 


When the latter cases and those diagnosed as 
nonrespiratory tuberculosis are added to those 
diagnosed as disqualifying on the basis of chest 
roentgenographic findings, the following preva 
lence of disqualifying tuberculosis is obtained: 
(a) Respiratory tuberculosis: Total 
18.0; white—16.2; 
27.9, per 10,000 examinees; 


(white 
and Negro) Negro 

(6) Tuberculosis, all forms: Total (white and 

Negro)—20.3; white—18.5; Negro 
30.2, per 10,000 examinees. 

The data indicate a higher prevalence of dis 
qualifying tuberculosis among Negro than among 
white examinees. This racial differential is seem 
ingly due primarily to a relatively higher preva- 
lence of suspected and arrested not acceptable 
cases of respiratory tuberculosis among Negroes 
(table 3). However, the actual difference between 
white and Negro registrants with respect to the 
prevalence of tuberculosis may not be as large 
as that reflected by the AFES data, as explained 


in the succeeding section 


Local Board Disqualifications 


Prior to the examination by the Armed Forces 
examining stations, a certain prescreening is done 
at the local boards for the purpose of eliminating 
registrants with obviously disqualifying medical 
defects. In regard to tuberculosis, current avail 
able data on disqualifications at the local boards 
indicate that for each 17 registrants disqualified 
at the AFES for pulmonary tuberculosis, or for 
each 16 registrants disqualified for tuberculosis of 
all forms, 10 registrants are so disqualified at the 
local boards (7). The local board disqualification 
rates during this period 10.7 
respiratory tuberculosis, or 12.4 for tuberculosis 
of all forms, per 10,000 registrants (white and 
Negro). These disqualifications consist of institu 


were thus for 


tuberculosis and cases of 
the 


disqualifying on the basis of medical evidence 


tionalized cases of 


tuberculosis which local board considered 


furnished to them. 
No ethnic breakdown is available for the local 


bourd disqualifications. It is quite conecivable 
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a certain number of 
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that relatively more white than Negro regis- 
trants are eliminated for tuberculosis by the local 
boards, as white registrants might possibly be 
more aware of the disease. Relatively more white 
than Negro registrants with tuberculosis are, 
therefore, likely to introduce evidence of the 
disease to the local boards. If this be true, rates 
by race based on AFES and local-board data, 
were it possible to obtain such data, might 
than 
revealed by the rates based on AFES data alone. 


indicate smaller racial differences those 

The combined prevalence rates of disqualify- 
ing tuberculosis (white and Negro) were com- 
puted as 28.7 (18.0 at the AFES plus 10.7 at the 
local boards) for respiratory tuberculosis, or 32.7 
(20.3 at the AFES plus 12.4 at the local boards) 
for tuberculosis of all forms, per 10,000 regis- 
trants examined for military service during the 
given period. 


Cases of Tuberculosis after Induction 


The pioneer studies of Yerushalmy and others 
(S-10) on roentgenographic findings of tuberculo- 
sis, followed by analogous studies by Long and 
others (11, 12) of the Army experience, and by 
Bircher and Castle (13) of the Navy experience, 
the wide 
discrepancies in the interpretation of roentgeno- 
grams which undoubtedly result in failure to 
detect a certain number of respiratory cases of 


clearly demonstrated existence of 


tuberculosis at the time of examination. There- 
fore, an attempt was made in this analysis to 
obtain data for estimating such failures among 
registrants examined for military service. 


Toward this end, the punch card representing 
the individual medical records of Army patients 
were pulled for all cases of respiratory tuberculosis 
that were treated in Army hospitals during 1955 
and 1956. These were cases in which respiratory 
tuberculosis was either the primary or the sec- 
ondary diagnosis. 

On the basis of the patients’ Army 
numbers punched into the cards, it was possible 
to select the cases related to inductees. Next, the 
vear of induction of each patient with respiratory 
tuberculosis was determined on the basis of the 
date of his admission to an Army hospital and his 
length of service at the time of admission. Only 
patients with respiratory tuberculosis identified 
as having been inducted in 1955 were considered. 


Service 


Their number amounted to 76. 


The tour of military duty for inductees is two 
years. Obviously, for some of the 1955 inductees 
the tour of duty extended into 1957, so that some 
cases of respiratory tuberculosis from this group 
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TABLE 4 
PREVALENCE OF DISQUALIFYING TUBERCULOSIS 
AMONG SELECTIVE SeRvICE REGISTRANTS 
PROCESSED FOR MILITARY SERVICE 


January, 1957, through March, 1958) 
Rate 
1. Loeal board disqualifications for tuber 
culosis (rate per 10,000 registrants) 
a Respiratory 10.7 
6. All forms 12.4 
2 Disqualifieations for tuberculosis at the 
Armed Forces examining station (rate 
per 10,000 registrants examined) 
a Respiratory IS.0 
6. All forms 20.3 
3 Hospitalized cases of respiratory tuber 
culosis after induction (rate per 10,000 
inductees 4.8 
1. Hospitalized EPTS cases of respiratory 
tuberculosis after induction (rate per 
10,000 inductees 1.1 
5. Over-all prevalence rate of tuberculosis 
rate per 10,000) registrants) :* 
a tespiratory 32.0 
b. All forms 36.0 


\s shown in the table (item 4), the prevalence 
of EPTS was 4.1 per 10,000 inductees 
During the period of study, S046 found 
qualified for service per 10,000 regis 
Hence, the prevalence rate of 


rate Cases 
were 
medically 
trants examined 
missed cases of tuberculosis per 10,000 registrants 
examined 1.1 The over-all 
rates become thus 32.0 for respiratory tubereulo 


sis 36.0 for tuberculosis of all forms. Obviously, 


or 
there could have also been a certain ‘‘over-read 
of the roentgenograms resulting in unjusti 
fied disqualifieations. But this fact had to be dis 
regarded here lack of data. It 
ilso fully realized that, in computing the over-all 


ng 


for numerical is 
the 1055 experience of hospitalized CASES 
1957-1958 induction 


This was not done by choice aus those based 


rates 


was combined with experi 


enee 


on the 1955 experience were the most recent avail 


ible data. It ts believed, however, that the two 
to three-vear difference in time between these 
experiences could not appreciably affect these 
general results 

could have been admitted in 1957. (The 1957 


data were not available for this study.) It was 
from the 1955-1956 data that 
21 of respiratory tuberculosis 
could be expected in 1957 from the 1955 group of 
inductees. Thus, a total of 97 (76 


Was estimated 


estimated an 


wlditional 
+ 21) causes of 


respiratory tuberculosis for the 
134,000 inductees in 1955 

Evidently, the current 
entes that 7 of 10,000 inductees may be expected 


to be 


Army experience indi 


hospitalized for respiratory tuberculosis 
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dluty 


military 


during their two-year tour of 
(table 4, item 3) 


Over-all Prevalence Rate 


The 1955-1956 data further revealed that 57 per 
cent of these hospitalized cases of respiratory 
tuberculosis (4 cases per 10,000 examinees) were 
diagnosed as “existing prior to service” (EPTS), 
These are obviously cases of disqualifying respir 
at the the 
registrants’ examination for military service. 


atory tuberculosis missed time of 

By combining the EPTS cases of tuberculosis 
with the cases diagnosed as tuberculosis at the 
AFES and those disqualified for tuberculosis by 
the local boards, the over-all prevalence rates of 
disqualifving tuberculosis per 10,000 registrants 
currently examined for military service become 
36.0 
tuberculosis of all forms. (See footnote to table 4 


32.0 for respiratory tuberculosis, or for 
for the computation of these rates.) 

These rates may be taken as the current preva 
the total 


to 22-year age range. 


lence rate of tuberculosis in male 


population within the 21 


Current versus World War 11 Prevalence 


In order to evaluate the extent of the recent 
reduction in the prevalence of tuberculosis, the 
current prevalence data are compared with those 
of World War IL (table 5). The comparison is 
made with respect to respiratory tuberculosis. 
The prevalence of disqualifying respiratory tuber 
culosis found at the induction stations among 
World War II registrants examined for military 
service was determined (14) as: 124.9 per 10,000 


total (white and Negro) examinees; 118.2. per 
10,000 white examinees; and 162.7 per 10,000 
Negro examinees (table 5)2 By ineluding the 


local board disqualifieations for tuberculosis, the 
total 
among World War IL registrants was calculated 
as 135.8 per 10,000 examined registrants (table 
5). The World War Il 


clearly very much higher 


prevalence of disqualifying tuberculosis 


prevalence rates were 
than the current 
prevalence rates 

The present examinees, however, are younger 
than those of World War IL: the age range of the 
present examinee is IS through 26 years (mean 
range of World War IL examinees 


(mean age 25.5 vears). Since the prevalence of 


-year age 


> World War II data (14) comprise the period | 


from January, 1943, through January, 1944 
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TABLE 5 
Wortp War II PREVALENCE OF 
RESPIRATORY TUBERCULOSIS AMONG SELE 
TIVE Service ReGistTRANTS EXAMINED 
FOR MILITARY SERVICE 


CURRENT AND 


Rates per 10,000 
Examinees 


Current 
Item 
World % 
War 
Exeluding local board dis 
qualifications 
Total 124.9 86.418.0)\79.4 
White 118.2 80.7)16.279.9 
Negro 162.7 118.7/27.9, 76.5 


Including local board dis 
qualifications 
Total 135.8 93.928.7 60.4 

*Taken from B. D. Karpinos (14). 

+ “Expected”? rates were standardized for age 
on the basis of World War I! experience. The rates 
were derived by what is known as the “‘indirect”’ 
method of standardization. Briefly stated, this 
method is used in comparing rates of two or more 
groups whenever these groups differ with respect 
to some variable affecting the rates. In our case, 
the variable is age. The rates were computed by 
multiplying the age and race specific (expressed 
in two-vear intervals) prevalence rates of tuber 
culosis in World War II (14) by the corresponding 
ye distribution of the examinees and 
summing the individual products to obtain a 
total “‘expeeted”’ rate for the particular racial 


present 


group. The differences between the actual and the 
“expected’’ rates reflect actual differences, not 
iffected by age. (For a detailed discussion in re 
gard to this method of standardization, see (16 

t Taken from and 4 


Relates to “expected 


tables 3 
“actual’’ over 
tuberculosis generally increases with age (14, 15), 
a proper comparison requires rates of identical 
age ranges. This was accomplished by computing 
“expected” rates based on World War II ex 
perience. These rates (standardized for age) show 
what would have been the current prevalence 
rates of disqualifying tuberculosis had there been 
specific prevalence rates 
(table 5). (See table 5, 
“expected” 


no change in the age 
World War I] 


footnotet, on the 


since 
derivation of 


rates.) 
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The “expected” rates of disqualifying respira- 
tory tuberculosis were computed as 86.4, 80.7, 
and 118.7 per 10,000 total (white and Negro), 
white and Negro examinees, respectively, when 
confined to cases diagnosed at the examining 
stations. These data indicate that 79 per cent 
fewer cases of disqualifying respiratory tuberculo- 
sis are discovered now at the induction stations 
than in World War II for comparable age ranges. 
The present disqualification rate for respiratory 
tuberculosis at the induction stations is only 21 
per cent of what it was for this age group in 
World War II. The decline in the disqualification 
rates at the examining stations since World War 
Il was about the same for both races: 80 per cent 
for white examinees, and 77 per cent for Negro 
examinces, 

By adding the local board disqualifications, the 
total 
tuberculosis was computed as 93.9 per 10,000 


“expected” prevalence rate of respiratory 


registrants versus the actual current rate of 28.7, 
indicating a decline of 69 per cent since World 
War IT in the disqualification rate for respiratory 
tuberculosis. (This percentage decrease is smaller 
than that indicated by the disqualification rates 
at the induction stations, as relatively more cases 
of respiratory tuberculosis are obviously screened 
out now by the local boards than in World War 
II.) 

The prevalence rate of disqualifying respira 
tory tuberculosis among registrants currently 
examined for military service is thus somewhat 
than what. it World 
War 


There has been no basic change in the stand 


one-third of was in 


less 


ards of acceptability of tuberculosis for military 
between World War II now. (See 
World War II standards.) Hence, the 
decrease in the disqualifying rate of tuberculosis 


service and 


(15) on 


for military service presumably reflects the de 
cline in the prevalence of tuberculosis in the total 


population. 


Factors Affecting Prevalence 


Statistically, the prevalence of a disease, that is 
the proportion of a group of persons infected 
with that disease at a given time, depends on the 
the rate at 


following factors: (a) incidence, L.e., 


Since no adjustment was possible for hos 
pitalized cases in World War II, as made for the 
current data, the comparison was made without 


this adjustment 


\ 

| 
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which the group is being infected with the par- 
the the 
smaller the prevalence and vice versa; (6) the 
the higher the proportion of 


ticular disease lower incidence, the 
efficacy of therapy 
the infected persons being cured or becoming 
inactive, the lower the prevalence and vice versa; 
c) the length of time required for being 
inactive—the the 
time, the lower the prevalence, and vice versa. 


and ( 


cured or becoming shorter 


These factors are, of course, interrelated as, in 
contagious diseases, more efficient and faster cure 
also decreases the chance for infecting others, 
which in turn decreases incidence. The striking 
decrease in the prevalence of respiratory tuber 
culosis among registrants obviously reflects the 
combined effects of all of these factors, namely, 
of 
therapy, and shorter time required for such 


lower incidence the disease, more effective 
therapy.‘ 

\ special follow-up study conducted by the 
\rmy with respect to Army personnel who were 
placed on the temporary disability retired list 
(TDRL) during 1950-1955 because of tuberculo- 
sis showed that 81 per cent of these persons were 
found fit for duty within one to two years after 
they had been placed on the TDRL, and only 2.3 
per cent of them showed reactivation of the dis 
ease (17). Similar results are indicated by other 
sourees (18). But, besides the current successful 


therapeutic measures (chemotherapy and im 
proved surgical techniques) in the treatment of 
tuberculosis (19), there are other factors that are 
responsible for the gains in the control of this 
These as Dublin (1) 


cates, ever-increasing facilities for case finding; 


disease factors indi 


are, 


extensive development of tuberculosis clinies and 


sanatoriums; improved living conditions; and, 


generally, intensive “antituberculosis’” cam 


palgns 


SUMMARY) 


lhe analysis presented here on the prevalence 


of tuberculosis among Selective Service regis 


Obviously, a low prevalence could also result 
from high fatality; 
here, since mortality due to tuberculosis has been 
rapidly decreasing. As calculated from Vital 
Statistics Reports, the mortality from respiratory 
tuberculosis declined from 39.6 in World War II 

1941-1945 eurrent (1956-1957) 1.2 
per 100,000 males in the 20- to 24-age group. The 
corresponding declines by race were from 24.1 to 
0.6 for white and from 164.7 te 6.7 for nonwhite 
For further details, see 1). 


however, this is not the case 


to a rate of 


males 
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trants currently processed for military service is 
based on: cases of tuberculosis discovered at the 
Armed Forces examining stations (AFES) at the 
time the examined 
military service; cases of tuberculosis established 


when registrants are for 
by the local boards prior to the AFES examina- 


tions; and hospitalized cases of tuberculosis 
among inductees diagnosed as “existing prior to 
service” (EPTS) 

The AFES data relate to registrants examined 
during the fifteen-month period from January, 
1957 through March, 1958. It is a sample study 
The 


during this period were within the age range of 


comprising 177,000 examinees. examinees 
18 through 26. Their mean and modal ages were 
21.5 years 

Based on roentgenographic and other findings, 
the following prevalence rates of disqualifying 
tuberculosis were found among these examinces: 


(a) Respiratory tuberculosis: total (white and 
Negro)—18.0; white—16.2; Negro—27.9, per 
10,000 examinees; (6) tuberculosis, all forms, 
total (white and Negro)—20.3; white—18.5; 
Negro—30.2, per 10,000 examinees 

The higher prevalence rates among Negro 


examinees appear to be due mainly to higher 
prevalence of suspected and arrested not accept- 
able cases of tuberculosis. 

In addition to the cases of tuberculosis dis- 
covered at the Armed Forces examining stations, 
10.7 per 10,000 registrants were sereened out by 
the local boards for respiratory tuberculosis, or 
12.4 for tuberculosis of all forms, prior to ex 
amination for military service. These rates in- 
tu 
medical 


institutionalized and cases of 


Cases 
the 
evidence supplied to the local boards. 


clude 
berculosis established on basis of 

The prevalence rates of disqualifying respira 
tory tuberculosis were thus computed as 28.7, or 
all 10,000 


registrants, the 


32.7 for tuberculosis of forms, 


(white Negro) 
AFES and the local board disqualifications 


per 
and based on 

\s demonstrated by several studies, a certain 
number of cases of tubereuiosis are missed on the 
medical examinations. Consequently, a special 
study was undertaken to determine the number 
of registrants hospitalized for respiratory tuber 
culosis after induction. It 1 of 
10,000 inductees can be expected to be hospi- 


was found that 


talized during their two-year tour of military 
duty for respiratory tuberculosis, diagnosed as 


existing prior to service (EPTS). These pre 
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sumably represent cases of respiratory tuber- 
culosis missed at the time of the registrants’ 
examinations for military service. 

When adjusted for these latter cases, the over- 
all prevalence rates become 32.0 for respiratory 
tuberculosis, or 36.0 for tuberculosis of all forms, 
per 10,000 registrants currently examined for 
military service. These rates may be taken as 
representative of the current prevalence of tuber- 
culosis among the 21- to 22-year age group in the 
general male population. 

The data indicate that the present prevalence 
Selective 


f respiratory tuberculosis 


among 
Service registrants is somewhat less than one- 
third of what it was in World War II within a 


comparable age range. 


SUMARIO 


Frecuencia de la Tuberculosis entre los Re gistrados 
en el Servicio Selectivo y Actualmente en 


Tramitacion para el Servicio Militar 


IX] andlisis aqui presentado sobre la frecuencia 
de la tuberculosis entre los sujetos registrados en 
el Servicio Selectivo y actualmente en vias de 
tramitacién para el servicio militar se basa en: los 
easos de tuberculosis descubiertos en el Puesto de 
Armadas en la fecha en 


Examen de las Fuerzas 


que se examina a los reclutas para el servicio 
militar; los casos de tuberculosis establecidos por 
las juntas locales de reclutamiento antes de los 
eximenes en el Puesto de Examen; y los casos 
hospitalizados de tuberculosis entre los reclutados, 
diagnosticados como “‘existentes antes del ser 
vicio.”’ 

Los datos del Puesto de Examen comprenden a 
los registrados examinados durante el periodo de 
quince meses desde enero de 1957 hasta marzo de 
1958, inclusive. Es un estudio de una muestra que 
177,000 


durante ese periodo eran de una edad que variaba 


comprende exdmenes. Los examinados 
de IS a 26 anos inclusive, teniendo una edad media 
vy modal de 21.5 afos 

\ base de los hallazgos radiogrdéficos v otros, se 
deseubrieron las siguientes tasas de tuberculosis 
inhabilitante entre los examinados: (a) tubereulo 
sis del aparato respiratorio: total (razas blanea y 
16.2; 4 


negra—27.9 
tuberculosis, 


negra)—-18.0; raza blanea 


10,000 


formas, total (razas blanca y negra) 


por examinados; (b) todas 


20.3; blanca 
18.5; negra -30.2 por 10,000 examinados. 


tusas mds altas entre los examinados de 


raza negra parecen deberse principalmente a una 
frecuencia mayor de casos sospechosos “inacep 
tables’* estacionados de tuberculosis 


(dems de los easos de tuberculosis descubiertos 
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en los Puestos de Examen de las Fuerzas Armadas, 
10.7 por 10,000 registrados fueron descartados por 
tuberculosis del aparato respiratorio por las juntas 
locales, o 12.4 por tuberculosis de todas formas, 
antes del examen para el servicio militar. Estas 
tasas comprenden los casos institucionalizados y 
los de tuberculosis establecidos a base de los datos 
médicos facilitados a las juntas locales. 

Las tasas de frecuencia de tuberculosis inhabili 
tante del aparato respiratorio fueron computados 
de ese modo a 28.7, y a 32.7 para tuberculosis de 
todas formas, por 10,000 registrados (razas blanca 
y negra), a base de las inhabilitaciones de los 
Puestos de Examen y de las juntas locales. 

Segin demuestran varios estudios, en los exdé 
menes médicos se pasa por alto cierto nimero de 
casos de tuberculosis. Por ello, se emprendié un 
estudio especial para determinar el nimero de 
reclutas hospitalizados por tuberculosis del apa 
rato respiratorio después del alistamiento. Se 
descubrié que cabe esperar que se hospitalicen 4 
de cada 10,000 reclutas durante su turno de 2 aios 
de servicio militar por tuberculosis del aparato 
respiratorio, diagnosticada como existiendo antes 
del 


casos de tuberculosis del aparato respiratorio 


servicio. Estos representan presuntamente 
pasados por alto en los ex4menes de los reclutas 
para el servicio militar. 

Una vez ajustadas para estos Gltimos datos, las 
32.0 
tuberculosis del aparato respiratorio, o 36.0 por 


tasas globales de frecuencia suben a por 
tuberculosis de todas formas, por 10,000 reclutas 
examinados corrientemente para el servicio mili- 
tar. Pueden tomarse estas tasas como tipicas de la 
frecuencia actual de la tuberculosis en el grupo 
de veintitin a veintidés anos de edad de la pobla 
cién masculina general. 

Indican los datos que la actual frecuencia de la 
tuberculosis del aparato respiratorio entre los 
registrados en el servicio Selectivo es algo inferior 
a un tercio de lo que fuera en la Guerra Mundial 
I] en un grupo de edad comparable 


ResuM! 
Fréque nee de la tube rculose parni le N conscrils 
eraminés pour le Service Militaire 


Cette étude sur la fréquence de la tuberculose 
parmi les conscrits est basée sur les cas de tubereu 
lose décelés 4 1’*‘Armed Forces Examining Station 
(AFES)”’ 


en vue du service militaire; les cas de tuberculose 


au moment od ceux-ci étaient examinés 


décelés par les commissions locales, avant les 


examens de !AFES; et les cas des conserits hospi 
diagnostiquée 
(EPTS). 


talisés, attients de tuberculose, 


comme “existant avant le service” 
Les renseignements recueilles par TAFES por 


tent sur des conscrits examinés pendant 15 mois, de 


| 
} 
in 
pira 
ibs 
pre 
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janvier 1957 & mai 1958. C'est une étude par son 
dage, portant sur 177.000 sujets. Au cours de cette 
période, l‘Age des sujets examinés variait de 18 4 
26 ans, 

kin se basant sur les radiographies et autres 


l’Age moyen étant de 21 ans 14 


examens, les taux de fréquence de tuberculose 


entrainant l’élimination du candidat au service 


militaire furent les suivants: (a) tuberculose pul 


monaire, total (blanes et noirs): 18,0, blanes: 
16,2, noirs: 27,9, par 10.000 sujets examinés; 
(b) tuberculose, toutes formes, total (blanes et 
noirs) 20,3, blanes: 18,5, noirs 30,2 par 10.000 


sujets examinés 

Les taux de fréquence plus élevés chez les sujets 
noirs semblent étre das surtout A la fréquence plus 
élevée des cas de tuberculose suspectée ou in 
active, “‘non-acceptables” pour le service. 

kin plus des eas de tuberculose découverts A 
VAFES, 10.7 pour 10.000 conserits furent éliminés 
pour tuberculose pulmonaire par les commissions 
locales, ou 12.4 pour tuberculose toutes formes, 
avant de subir les examens du service militaire 
Ces taux comprennent les cas hospitalisés et les 
cus de tuberculose basés sur la preuve médicale 
fournie par les commissions locales 

Les taux de fréquence de la tuberculose pulmo 
naire entrainant lélimination furent done de 28,7 
toutes formes, par 


ou 32,7 pour la tuberculose 


10.000 conserits (blanes et noirs), ces taux étant 
basés sur les éliminations faites par les AFES ei 
les commissions locales. 

Ainsi que de nombreux travaux l’ont démontré, 
un certain nombre de cas de tuberculose ne sont 
pas reconnus a examen médical. En conséquence 
une étude spéciale fut entreprise pour déterminer 
le nombre de conscrits hospitalisés pour tubercu 
ll a été 


constaté que l'on pouvait s’attendre A ce que 


lose pulmonaire aprés leur recrutement 


quatre recrus sur 10.000 soient hospitalisés pen 
dant leurs deux années de service militaire pour 
tuberculose pulmonaire, existant avant le service 
(EPTS) 


les cas de tuberculose pulmonaire qui n'ont pas 


Ceux-ci représentent vraisemblablement 


été diagnostiqués lors de Vexamen médical des 
conserits 

Si l'on tient compte de ces derniers cas dans les 
résultats, les taux généraux de fréquence devien 
nent 32,0 pour la tubereulose pulmonaire ou 36,0 
10.000 


étre con 


pour la tuberculose toutes formes par 


conscrits examinés. Ces taux peuvent 
sidérés comme représentant la fréquence de la 
tuberculose dans toute la population masculine, de 
vingt-et-un a ving-deux ans 

Ces résultats montrent que la fréquence actuelle 
de la tubereulose pulmonaire parmi les conserits 
est (environ un tiers moins élevée qu'elle ne 
Deuxiéme Cuerre Mondiale 


a été pendant Ia 


pour un groupe d’Age comparable. 
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INTRODUCTION 


The pulmonary diffusing capacity is inter- 
preted to reflect the area and permeability of the 
alveolar-capillary (1, 2). This 
interpretation, particularly it to 
changes in area, is based principally on the logie 


“membrane” 
as applies 
of methods used for measuring diffusing capacity 
rather than on data either bearing out this inter- 
pretation or at variance with it. The present 
is an attempt to obtain such data by 
under 


study 
measuring diffusing capacity circum 
stances thought to affeet primarily the area or 
primarily the permeability of the alveolar-capil 
lary “membrane.” 

Selected patients who had resections of lung 
tissue were among those thought to have abnor 
malities primarily of area, and others with inter- 
stitial fibrosis and sarcoid disease were assumed 
to have defeets primarily of permeability. The 
question arises among patients with resections 
whether their anatomic loss is associated with a 
loss, i.e., whether 


commensurate physiologic 


additional capillaries open around remaining 
alveoli in’ sufficient profusion to preserve the 
original dimensions of the gas-exchanging surface. 
vascular resistance 


1) 


indicates attenuation at some point in the lesser 


The increase in pulmonary 


demonstrated following large resections (3, 


circulation and therefore suggests that such pres 
ervation Is incomplete. This observation does 
not, however, localize the site of attenuation to 
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the capillary network. Diffusing capacity is in 
concept a measurement capable of this localiza 
tion. Added interest was therefore attached to 
its performance in patients with resections. 


MrtrHops 


The pulmonary diffusing capacity for oxygen is 
the quotient obtained by dividing the volume (ml.) 
of oxygen diffusing from alveolar gas to corpuscu 
lar hemoglobin in one minute by a mean value for 
the pressure under which diffusion occurs (alve 
olar-capillary oxygen tension difference in mm. of 
mercury). The method Lillienthal, Riley, 
Proemmel, and Franke (5) was used throughout. 
Alveolar tensions were calculated from the ‘‘alve 
olar equation” and eapillary tensions from meas 
urements of arterial tension performed at two 
levels of oxygenation. The charts of Riley and 
associates (6, 7) were used in quantifying compo 
nents of the alveolar-arterial oxygen tension dif 
ference and in deriving the mean alveolar-capil 
lary gradient from the gradient measured at the 
end of the capillary. The smallest end-gradients 
were 8 (one patient) and 9 (one patient) mm. of 
mercury ; they were 12 mm. of mercury or higher in 
all but six studies. Mean gradients were 22 mm. or 
more with two exceptions (21 and 17 mm.). Mixed 
venous blood was assumed to be 40 per cent less 
saturated than end-capillary blood. The reader is 
referred to Comroe and associates (2) for further 
description of the method and to Riley and co 
workers (1) for an analysis of its limitations. 

The tensions of carbon dioxide and oxygen in 
arterial blood were measured by the bubble equili 
bration technique of Riley, Proemmel, and Franke 
(8, 9). Proficiency was obtained by working with 
arterial blood equilibrated with gases of known 
composition in a tonometer rotated in a tempera 
ture-controlled water bath. Empirical correction 
factors at selected tensions agreed with those 
published and the latter were therefore adopted 
The same individual performed all tension meas 
urements throughout the period of this study. 
Among 55 measured values, each the mean of two 
syringes, the difference between group means and 
values within the group was 1.41 + 0.94 for earbon 
dioxide and 1.37 + 1.22 for oxygen. In this exercise 
and in the patient studies, values were disearded 
in the rare instances in which tension differences 
between duplieate S\ ringes exceeded 6 mm, of 
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MEASUREMENT OF PULMONARY 

treadmill running at a speed (3.5 to 4.5 m.p.h.) and 
inclination (3 which were thought to pro 
duce nearly the maximal exercise which the pa 
tient could sustain for twelve or thirteen minutes. 
\ two- or three-minute sample of expired air was 
collected in a 600-liter spirometer which had been 
flushed with expired air six or seven times during 
the first ten minutes of exercise. After being mixed 
for three minutes, this collected gas was sampled 
and was analyzed with the Scholander apparatus 
10). Blood samples were slowly drawn into hep 
arinized and greased svringes through a Cournand 
needle placed in the brachial artery. Blood gas 
the method of Van 
The oxygen-poor mixtures 


to 3.5 


contents were measured by 
Slvke and Neill (11 
vere inhaled through a low resistance valve from 
i previously flushed Douglas bag filled from a gas 
evlinder. The subject was allowed to rest for about 
one hour between bouts of exercise at the two 
levels of oxygenation. All studies of diffusing 
capacity were performed in the post-absorptive 
state. 

The vital capacity and its subdivisions were 
measured in the supine position with a spirometer. 
\ modified Darling open-circuit method was used 
for measuring the functional residual capacity 
12); tabulated values are the mean of two deter 
minations which agreed within 10 per cent. The 
maximal breathing capacity was performed in the 
sitting position by breathing through a low resist 
ance valve into a Douglas bag for fifteen seconds. 
Lung volumes and ventilation were expressed at 
ambient pressure and saturated with water vapor; 
predicted values were calculated from the for 
mulas of Baldwin and co-workers (13). Broncho 
spirometry was performed in the supine position 
through a Carlens tube inserted under 1 per cent 
tetracaine topical anesthesia and 
positioned under fluoroscopic visualization 

Most of the patients were yvoung men on active 
duty in the armed forces stationed or hospitalized 
at the U.S. Naval Hospital, St. Albans; a few were 
dependents and retired personnel. The following 
groups of patients were included: 12 normal voung 
men (table 1); 7 voung men with bronchiectasis 
(table 2); 16 voung men 
studied after pulmonary resection. Four of these 


(Pontocaine® 


studied preoperatively 


were studied following excision of an isolated pul 
monary nodule (table 3) and 12 fol 
lowing larger resections, all but two of which were 


coin lesion 


performed for bronchiectasis (table 4); 10 patients 
with preoperative lesions thought either to affect 
primarily the area of the alveolar-capillary bed or 
tobe of special interest (table 5);7 voung men with 
generalized disease of the alveolar-capillary mem 
i.e., sarcoid disease, interstitial 
fibrosis of unspecified etiology. 


brane, fibrosis, 
and pulmonary 
The data were used in assessing changes in diffus 
ing capacity due to bronchiectasis, to reducing 


alveolar-capillary surface area by surgical exci 


sion, to reducing alveolar-capillary surface ares 
The data pertaining to lung volumes, ventila 


tion and bronchospirometry are available from 
the writers 
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independently of surgical excision, and to reducing 
(it is presumed) primarily permeability and thick 
ness of the alveolar-capillary ‘‘membrane.”’ 

It was recognized that it is impossible to distin 
guish with certainty those patients having changes 
exclusively in the area of the ‘‘membrane”’ and 
those with changes only in its permeability, this 
distinction probably being least reliable in the 
group of patients with ‘“‘membrane disease.”’ It 
appeared reasonable to assume, however, that the 
patients selected for these studies had predom 
inantly either a reduction in area or predomi 
nantly a decrease in permeability of their alveolar 
capillary bed. The subjects included in group 
comparisons were men of comparable age (14). 
They were studied at metabolic rates exceeding 
1,298 ml. of oxygen per minute, values at which 
diffusing capacity approaches its higher limit (1, 
15). In addition to the group data, individual 
studies were included which pertained to the ef 
fects of metabolic activity, age, and sex on diffus 
ing Capacity 

Abbreviations appearing in the tables are con 
ventional (16). 


RESULTS 
“Normal” Values (Table 1) 


In a group of 12 men aged nineteen to thirty 
five vears, the diffusing capacity ranged from 
68 to 86, the mean being 74.9 ml. per min. per 
mm., and the standard deviation 6.1. The diffus 
ing capacity per square meter of body surface 
area ranged from 35 to 46, the mean and standard 
+ 3.4 (figure 1). Three of 
these 12 subjects had no known pulmonary dis 


deviation being 39.7 


“coin” lesions and 3 had 
latter 9 
in the group of “normal” subjects was based on 


ease, whereas 6 had 
minimal infiltrates. Inclusion of these 
the absence of respiratory complaints, the finding 
of a normal vital capacity, and, particularly, on 
the assumption that the circumscribed appear 
ance and small dimensions of the lesions, as 
judged from roentgenograms, precluded their 
affecting the diffusing capacity detectably. The 
age range in this group was nineteen to thirty 
five years; the lowest metabolic rate was 1,299 
ml. per min., and the highest was 1,966 ml. per 
min. 

The diffusing capacity of a normal active man 
aged sixty years was 40 or 21 per square meter 
of body surface, a value which is almost one-half 
the mean for the vounger age group. It was ob 
1,936) which 


achieved in’ the 


tained at a level of exercise (Vo. = 
with the 


younger age groups. 


compared highest 
One middle-aged woman with an isolated pul 


monary nodule, although exercised apparently 
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TABLE 1 
CuirnicaL, GAs EXcHuaNGe, AND Dirrusinc Capacity Data or NorMAL* SuBJECTS 


Clinical Data Basic Data Derived Values 


Diffusin; 
= = Capacity 
2 a ¢ Total M 
M mm. Hg ‘Hg He He \ "He 
12 Men, Aged 19-35 
1168 Minimal infil 19 1.83 714)0.2093 44.7, 29.6)5.073 0.84 44 99 S82 2,230 24 
trate, left 714.0.1276,48 37 52 335 1,685 24 7O 38S 
lower lobe 
0549 Normal 20 1.63 7140.2093)58.7/34.53.1060.87 30 115 94 1,732 25 5 
714:0.1344/53.5.30.0/3.6050.90 34 59 46 1,760 25 5 70 43 
OS75 Coin lesion 20 1.83 715,0.2093/58.938.5)3.7060.94) 39 109 | 94 1,901) 21 ! 
715.0. 1254/66 .1/35.5.3.1761.17 39 | 56 | 35 1,475 21 71 39 
OS15 Coin lesion 21 1.90 716)0.2093/41.8)30.3)4.6700.91 45 101 86 1,766, 22 4 
7716/0. 1257/62.1/35.0)4.1741.17 38 | 56 44 1,821) 22 4 88 14 
Coin lesion 22 1.86, 39 105 | 90 1,762, 22 3 
39 54 $2 1,893) 22 16 
O02 Minimal tu 23 1.89 710,0.2093)38.0/21.8)5.7230.90 43 102 91 1,420) 19 3 
berculosis 0.97, 41. 5l 41 1,299) 19 3. OS 
116] Normal 23 1.82 716)0.2093)51 .6,/25.5.4.9640.93 39 109 | 96 2,284 27 3 
716/0. 1276/59 34 37 10 1,966) 27 3 10 
0548 Normal] 24 2.03 718)0.2093 49.8/18.0:4.8570.94 39 109 95 2,132 25 3 
7180. 1254/66 .4/24.0/3.939 1.15 35 | 59 47 1,884) 25 3 75 
1048 Coin lesion 24 1.93 709,0.2093/60.5.30.5.4.2931.03 34 115 93 2,066 26 5 j 
7090. 1175)67 .5|34.53.4481.12 28 | 58 41 1,709 26 5 68 
0505 Minimal tu 26 2.04 709)0.2093/40.4)17.85.1040.80 37 104 | 92 2,114 22 3 
berculosis 709. 36 56 44 1,708 22 3 78 38 
OS19 Coin lesion 27 1.96 714)0.2093/37 .2/21.7.5.3420.88 44 86 1,856 22 
1.02 37 41 1,803 22 4 (82 
1101 Coin lesion 35 2.00 718 0.2093)35.4/26.0:4.2440.84 38 107 86 1,445 22 6 
718 0.1303 47 .2'25.2)'3.599 0.86 35 $1 1,639 22 6 
Mean 74.9 39.7 with 
Standard deviation 6.1 3 bror 
in fi 
One Elderly Man, Aged 60 Years 
O7S5 Normal] 60 1.94 711 0.2093 49.0/29.03.6640.89 37 10S SS 1,661 4S 
7110.1619 76.032.03.1460.94 31 46 1,936 48 40 21 sum, 
‘apa 
One Middle-aged Woman, 37 Years the 
patic 
Coin lesion 37 1.74 698/0.2093, 26.9 32.0/3.604/0.76 35 102 83 1,028 32 6 
698 0.1189 39.7/38.52.808 1.07 26 59 35 8387 32. 6 2 15 Valu 
" No complaint referrable to respir ittorv svstem: normal vital capacity See diagnosis for coin lesion Tl 
or minimal infiltrate ectas 
Abbreviations 
ird 
B.S.A body surface area in square meters 
BP-—-barometrie pressure igure 
Fi,.—concentration of oxygen in inspired air were 
ventilation in liters per minute fell i 
respiratory rate ind \ 
rEce concentration of carbon dioxide in expired aut rT 
R--gaus exchange ratio rh 
P mean arterial blood carbon dioxide tension horm 
P mean alveolar air oxygen tension hgure 
P mean arterial blood oxygen tension brone 
\ oxvgen consumption per minute 
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© Pts. with “normal” lungs 
@ Pts. with bronchiectasis, preop. 
-— Regression Line, pts. with resections 
50 4 
° 
45-4 
° 
40-4 e 
000 
° 
35 -76 
3 
e 
a 
E 25 
o 
5-4 
T T T T 
2 4 6 8 10 12 14 16 18 
NUMBER OF “NORMAL” BRONCHOPULMONARY SEGMENTS 
Fic. 1. Diffusing capacity per square meter of body surface area in ‘‘normal’’ subjects and in patients 


with bronchiectasis. The abscissa is the number of bronchopulmonary segments which, as judged from 
bronchograms, were free of bronchiectasis. The dotted regression line is the same as the one appearing 


in figure 2 
to the limit of her capacity, had an oxygen con- 
sumption of only 837 ml. per min. Her diffusing 
apacity of 26 or 15 per square meter is next to 
the lowest recorded in this entire study (ef. 
patient No. 0682, table 5). 


Valuesin Young Men with Bronchiectasis (Table 2) 


The diffusing capacities of 7 men with bronchi 
ectasis varied from 50 to 82, the mean and stand- 
id deviations being 68.3 + 12.8. Corresponding 


hgures per square meter « 


f body surface area 
were 28 to 42 and 36.3 + 5.9. These 7 patients 


fell into the same age group as the “normals” 


ind were studied at comparable levels of exercise. 
The distribution of diffusing capacities in these 


normal and bronchiectatic groups is shown in 


figure 1. It is clear that 4 of the 7 patients with 
bronchiectasis had normal diffusing capacities, 


Horizontal lines in values for ‘‘normal’’ subjects indicate mean and standard deviations. 


one had a low normal value, and the values in 2 
were abnormally low. 

Correlation between diffusing capacity and 
known duration of bronchiectasis, incidence of 
pheumonia, and amount of sputum was poor. 
Three of the 
evidence of bilateral basilar bronchiectasis had 


t patients with bronchographic 


diffusing capacities which were more than one 
standard deviation below the mean. There was 
a poor correlation between diffusing capacity 
volumetric ratios and 
capacity. The highest 


and total lung capacity, 
breathing 
indices 


the maximal 
admixture ratios, 
however, appeared in the patients with the lowest 
diffusing capacities. 


mixing and venous 


The terms “chronic pneumonia” and “‘atelee- 
tasis” consistently appeared in the pathology 


reports in which the resected specimens were 
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TABLE 2 


( 
CurnicaL, Gas ExXcuance, aNd Dirrusinc Data or 7 YounG MeN Broncuiectasis* 
Clinical Data Basic Data Derived Values 
Diffusing 
E Capacity 
Segments Involved Age Fy. \ Fe, R 
< = 
= é Total M 
mm. | mm. | mm mn 
M mm. He | He | He | ” Hg 
0763 Basilar, left 19 1.81 7170.2093 49.551.03.832,0.85 40 104 91 1,838 24 
lower lobe 717 0.1257 54.537.33.926 1.01 37 38 1,750 24 io 1) 8 
3 
0912 Basilar, left 20 1.97 6960.2093 41.8 20.54.9990.86 43° 97 S4.1,942 17) 4 
lower lobe; 696 0.1243 43.6 22.3 4.2641.07 43 46 37 1,393 17 4 
lingula (5 104 
Basilar, right 20 1.95 720 0.2093 43.1 25.54.393.0.86 44 101 89 1,833 20 
lower lobe; 720 0.1250 52.7 25.04.2421.15 39 55 46 1,618 20) 4 si ar 
right middle 
lobe 6 \ 
OOIS Basilar, right 23 1.90 7240.2093 52.331.03.9840.84 41 104. 73 2,079; 32 12 le 
lower lobe: 724 0.1305 78.3:.42.03.1071.00 32 62 38 1,792 32 12 (56 29 
basilar, left 
lower lobe 
OS40 Basilar, right 21 1.88 7160.2093 48.7 23.54.4430.88 40 (105 91 2,089 25 } > (no 
lower lobe; 716.0. 1279 57.2 26.5 4.121 1.03 37 | 55 40 1,892 25 76 40 incl 
right middle f 
0 ‘ 
lobe; basilar, 
left lower righ 
lobe (9 per 
Basilar, right 22 1.78 705 0.2093 38.4 23.74.8480.90 43 101) SI 1,670 26 7 sub 
lower lobe; 705 0.1344 50.2 32.33.8511.00 40 55 36 1,569 26 7 60 34 ape 
basilar, left Bis 
lowe! lobe: as t 
lingula (9 ) two 
0795 ~Basilar, right 26 1.78 7000.2093 39.9 28.04.379.0.90 40 103° 83 1,567 28 6 men 
lower lobe; 700 0.1279 51.3 29.63.8383 1.15 36 5S) 38 1,386 28 6 5O 2S 
right middle 
lobe: basilar, 
left lower vas 
lobe; lingula rem; 
nve 
Mean 68.3. 36.3 
Standard deviation 12.8 5.9 . 
itu 
* Listed according to extent of bronchiectasis as determined from bronchograms pron 
For abbreviations, see table 1 1.23 
signi 
described. In parts of the lung examined, there and “bronchieetatie” groups were studied post ng « 
fore, there was histologic evidence that the operatively during exercise of equivalent severity redu 
alveolar-capillary membrane had been affected An additional 4 patients, 3 young men and one Ussu 
with respect to area, thickness, and composition young woman, were studied postoperatively the 
Val ) V/ ludied After Pul during less severe exercise. The functional and patie 
atues in en Studvet ulmonary 
R 4 Tables clinical data of these patients are recorded in of th 
esection Cables 3 ane ) 
5 tables 3 and 4. mg 
Patients studied at level of CLercist comparable The diffusing capacities of the normal and of 095 
with that of the “control” group: Thirteen men com the postoperative male patients are plotted in it Xx 
nage with the patients in the “normal” — figure 2 as a function of the number of intact were 


parable 


1) 


10 
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TABLE 3 


CuinicaL, Gas EXCHANGE, AND Dirrusinc Capacity Data or 
AN ISOLATED PULMONARY NoODULE* 


FOLLOWING RESECTION OF 


Four Mex, 21 To 35 Years, 


Clinical Data Basic Data Derived Values 
Diffusing 
= a ics Capacity 
Age | B.S.A.| BP-47) Fy, v Vo | 1 
F| § 2X Total we 
years “ul mm. He l He He He ml He 
0815 | 273 | 21 1.87 | 709 |0.2093) 40.8 | 29.0 4.749) 0.91 | 38 |107 | 94 1,741) 22 3 
709 0.1189) 53.7 | 30.0 |4.014 1.10 | 35 | 52 | 39 |1,605 22 3 73 39 
09SO 1'y | 22) 1.86 719 0.2093) 43.6 | 31.5 4.606 0.90 | 37 110 93 1,862) 29 4 
719 0.1314 53.0 38.0 3.683) 0.98 | 60 42 1,655, 29 4 31 
1048 134 | 24. | 1.92 | 713 |0.2093) 45.7 | 29.5 |4.187| 0.87 35 110 97 (1,812 30 3 
713 0.1276, 58.1 | 34.5 3.584, 0.98 30 60 40 1,743) 30 3 58 =. 330 
1101 35. 710 0.2093) 51.7 | 26.0 4.385 0.93 43.103  8O 1,994 28 Ss 
710 0.1303) 64.7 | 32.0 3.398 0.97 38 54. 31 /1,850) 28 66 33 
Mean 63.5 33.2 


* Uncomplicated postoperative course, vital capacity 83 to 95 per cent of the predicted value. 


For abbreviations, see table 1. 

nonresected) bronchopulmonary segments. Also 
included in this figure is the diffusing capacity 
of one patient with a ventilated but unperfused 
right lung. Examination of this figure and of the 
pertinent tables reveals the following: (7) Patients 
subjected to resections had subnormal diffusing 
capacities. No postoperative value was as high 
as the mean for the “normal” group and all but 
the 


mean by 


values differed from the “normal” 
than 


2) In the group of patients exercised as severely 


two ol 


more one standard deviation. 


is the normal subjects, the diffusing capacity 
Was proportional to the number of intact or 
segments and 


remaining bronchopulmonary 


inversely proportional to the magnitude of the 


resection. The equation for the regression of 
liffusing capacity on the number of intact 
bronchopulmonary segments was: y = 13.0 

1.23 x. The correlation coefficient of 0.68 was 


significant at the 1 per cent level. (3) The diffus 
ing capacity of most of the patients possibly was 
reduced for reasons other than removal of lung 
tissue per se. This is suggested by the fact that 
the 


patients with resections passes below the mean 


the regression line for values obtained in 


of the “normal” group, this displacement exceed 


ing one standard deviation. Confidence limits 


0.95) on population means of diffusing capacity 
it x = IS intact bronchopulmonary segments 


were caleulated to be 39.8 and 30.5. The mean 


for “normal” men was 39.7, a value which falls 
on the fringe of this confidence belt. 

Four of the “normal” patients with isolated 
pulmonary nodules were studied twenty-five to 
the 


(table 3). Their postoperative diffusing capacities 


eighty days following excision of lesion 
are plotted in figure 2 as though the patients had 
had resections of one segment, i.c., over “17” on 
the abscissa. Their pre- and postoperative studies 
are compared in figure 3. Although degrees of 
exercise in the two studies were comparable and 
although these patients did not have postopera 
tive complications, each of their diffusing capac 
ities was reduced. 

Patients studied at level of exercise less than that 
of “control” group (table 4): Three men and one 
woman within the same age group as the previous 
patients were studied at levels of exercise below 
1,200 cc. per min. (table 4). Each of the four 
diffusing capacities of the 3 men fell below the 
regression line drawn from data on more severely 
exercising patients (see figure 2). One of the four 
(0.95) for 


individual values, two were below the confidence 


values was below the confidence belt 
belt (0.95) for population means but within the 
belt for individual samples, and the fourth fell 
within the confidence belt for both samples and 
means. 

Two diffusing capacity measurements on one 
19-vear-old girl with resection of eight segments 
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SIEBENS, FRANK, KENT, NEWMAN, RAUF, AND VESTAL 
© Pts with “normal” lungs Sor 
Pits with resectons 
x Pt with unperfused rt. lung ° 
Pts with Vop < /min $ 
45+ 
200 
fe} 
| 
| _-® 
40r 
} 
30F 
= 
| 
25 ow 
2 4 4 10 6 ‘8 
NUMBER OF INTACT BRONCHOPULMONARY SEGMENTS 20F 
Fig. 2. Diffusing capacity per square meter of 
body surface ares plotted as a funetion of the 
number of bronchopulmonary segments in the ist 
patient's chest. Regression line calculated from 
data of patients with Vo. exceeding 1,300 cc. per e PREOP COIN LESION 
min. (solid circles) and of patient with unperfused © POSTOP LOCAL EXCISION 
right lung (x The correlation coefficient of 0.68 1OF 
was significant at the | per cent level 
were IS and 22. These values are in the same 5+ 
range as those found in young men with com 
parable resections studied under similar cireum PATIENT NUMBER 
stances. 
Correlation with other measurements: The per o8i5 0980 1048 ihe) 
cent of predicted values for the diffusing capacity Fic. 3. Diffusing capacity per square meter ot 
were correlated with other measurements, the bedy surface area in 4 young men studied before 


mean of diffusing capacities in the normal group 
being used as the predicted value. No statistical 
significance could be attached to the correlation 
with vital capacity (r = 0.465, P>0.05), total 
lung capacity (r = 0.398, P>0.05), or maximal 
breathing capacity (r = 0.321, P>0.05). 
Although there 
magnitude of change in diffusing capacity and in 


was no correlation between 


these other parameters, ventilation and lung 
volumes in these patients were generally abnor 
mal. Only one of the patients included in table 4 
had a normal vital capacity (90 per cent of pre 
dieted value or more) and only 3 had normal total 
tng capacities The residual volume comprised 
more than 30 per cent of the total lung capacity 
in S patients. In 9 the maximal breathing capacity 


was less than 70 per cent of the predicted value. 


One patient had a high mixing index. Each of the 


and after resection of an isolated pulmonary 
nodule The postoperative diffusing capaeity wis 


reduced in each instance 


9 patients for whom bronchospirometry was per 
formed displaved large abnormalities in the dis 
uptake 


between the two lungs. As a group, therefore, 


tribution of ventilation and oxygen 
these patients demonstrated not only a reduced 
diffusing capacity but ventilatory and volumetric 


abnormalities as well 


Lesions 


with a V 


Table 5) 


Values in Patients wiely of 


There were 3 patients with lesions thought to 
be equivalent to a resection: one young man with 


blood 


another with severe obstructive bronchiectasis of 


minimal right pulmonary arterial flow, 


the right lower lobe caused by a bronehial sack 
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noma, and a 46-year-old man whose right middle 
lobe was atelectatic following obstruction of its 
bronchus by lymph nodes. The latter two diag- 
noses were made in the operating room. The 
diffusing capacity of each patient was reduced, 
the magnitude of the reduction in the first 2 
corresponding closely to what one would predict 
from comparable studies of young men plotted 
on figure 2. Thus, the patient with no right 
pulmonary artery (“x” in figure 2) and with 
virtual loss of the capillary bed of 10 broncho- 
pulmonary segments had almost the same diffus 
ing capacity as a patient (No. 0356) with bilateral 
resections totaling 10 segments. The patient with 
the obstructed right lower lobe bronchus had a 
diffusing capacity of 29, a value which, if plotted 
on figure 2 for a resection of five bronchopulmo 
nary segments, would fall almost on the regres 
sion line. Finally, the diffusing capacity of the 
16-year-old man with the obstructed right middle 
lobe (23 per M*) was comparable with that of the 
normal 60-year-old man (21 per M/?) listed in 
table 1. 

Four young men requiring pulmonary decortica 
tion (17) and 2 with pulmonary cysts (18) also had 
low diffusing capacities. The diffusing capacity 
increased from 39 to 54 in one patient following 
decortication and from 24 to 38 in another after 
large blebs had been excised. The contribution 
of the affected lung to oxygen consumption im 
proved considerably tn both instances. 

Patient No. 
right 
collapsed by 


1056 was studied once while his 
lung was estimated to be 50 per cent 
a Spontancous pneumothorax and 
again after this lung had fully re-expanded. Both 
values for diffusing capacity were between one 
and two standard deviations below the means for 
the normal group. Although this patient’s vital 
capacity increased 1.7 liters and his total lung 
capacity almost 2 liters, his diffusing capacity 
little, the fall from 73 to 68 


changed being 


equivocal. 


Values in Young Men with Disease of the Alveolar 


Capillary Membrane” (Table 6) 


Diffusing capacity was measured in one 
patient whose chest roentgenogram was inter 
preted to indicate pulmonary fibrosis, one patient 
whose lung biopsy showed interstitial fibrosis, 
and 5 patients with sarcoid disease of the lungs. 


ln 3 of the latter 5 patients, the diagnosis was 
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Fic. 4. Diffusing capacity per square meter of 
body surface area as a function of oxygen con- 
sumption per square meter in “normal” young 
men and in young men with disease of the alveolar 
capillary “membrane.”’ The diffusing capacities 
of the latter were reduced at all metabolic levels 
studied. 


based on roentgenographic, clinical, and_ tissue 
studies; in the other 2 the roentgenographic and 
clinical impressions were confirmed by positive 
serologic tests for syphilis (Kveim). These 
patients were in the same age group as_ the 
“normal” patients and, with the exception of 
patient No. 1202, were studied 


levels of exercise. 


at comparable 


The mean of the diffusing capacities per square 
meter of body surface area was 23.4 + 5.7 as 
compared with 39.7 + 3.4 for the “normal” 
group. No patient had a diffusing capacity higher 
than two standard deviations below the normal 
mean. These differences between the two groups 
are shown in figure 4, in which the diffusing 
capacities are plotted as a function of metabolic 
rate. It is clear from this figure that the diffusing 
capacity was lower in the group of patients with 
membrane disease at all levels of oxygen con 
sumption for which values in normal young men 
were obtained (from approximately 6SO ml. per 


min. per M?* to 1,080 ml. per min. per M?). 


Discussion 


The present studies are consistent with the 
hypothesis that values obtained for pulmonary 
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diffusing capacity for oxygen are affected by the 


area and permeability of the alveolar-capillary 
“membrane.”’ Sensitivity of the method to altera 
tions in area is suggested by: (a) the decrease in 
diffusing capacity associated with a decrease in 
the number of bronchopulmonary segments re 
maining after pulmonary resection; (6) the low 
diffusing capacities found in patients with pre 
operative lesions which probably affect princi 
the 
absence of right pulmonary arterial blood flow, 


pally area of the alveolar-capillary bed 
atelectasis, severe bronchial stenosis, empyema) ; 
and (¢) the increase in diffusing capacity demon 
strated by patients whose roentgenograms and 
bronchospirometry indicated expansion of previ 
ously restricted lung. Sensitivity to lesions which 
classically affect: primarily thickness and com 
position of the “membrane” is shown by the low 
diffusing capacities of patients with sarcoid cis 
ease or interstitial fibrosis of the lung. In sum 
mary, these two observations bear out the valid 
this 


characteristics of the alveolar-capillary 


ity of method as a means of assessing 
“mem 
brane.” 
The plausibility of some of the interpretations 
placed on diffusing capacity data is supported by 
The diffusing 


capacity during exercise, for 


these observations. increase in 
example, has been 
interpreted to indicate the opening of additional 
pulmonary capillaries (15). Reduction of diffusing 
capacity with age (14) and in some patients with 
obstructive (19) thought to 
reflect attenuation of the alveolar-capillary bed. 
The 
diffusing 
block” 


changes in membrane permeability (20). 


disease has been 


alveolar-arterial gradients and low 


the 
group of diseases have been attributed te 


high 


capacities in “alveolar-capillary 


These observations also support the concept 
that diffusing capacity reaches maximal values. 
have found that the 
with 


Rilev and associates (1), 
increase in diffusing capacity associated 
exercise is limited to levels of oxygen consumption 
below approximately 1,200 ce. per min.; above 
these metabolic rates “maximal diffusing capac 
ties’’ were reached, suggesting maximal expan 
sion of the pulmonary capillary network. The 
fact that diffusing capacity was depressed at 
metabolic rates exceeding 1,200 cc. per min. in 
the patients with resections supports the concept 
that there is a maximal diffusing capacity. Were 
there no limit to the number of latently perfused 
capillaries surrounding each alveolus, the mani 
dimensions of bed 


mal the alveolar-capillary 
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would be independent of the number of alveoli, 
and one would not anticipate decreasing these 
dimensions by excising lung tissue. To the extent 
that diffusing capacity in the absence of perme 
ability reflects 
studies 


primarily membrane 
that 


removing alveoli and their capillaries, imposes a 


change 
area, these suggest resection, by 
lower limit to maximal alveolar-capillary surface 
area. 


The 


emphasis, for it may be 


“maximal” deserves 
that the 
alveolar-capillary dimensions of resting subjects 


adjective special 


“minimal” 


are not reduced by excision of lung tissue. Cour 
nand and co-workers (3), for example, reported 
normal diffusing capacities in patients following 
pneumonectomy ; the studies were, however, per 
formed at low metabolic levels. If one accepts 
these values as well as the present ones, one is led 
to conclude: that expansion of the alveolar-capil- 
lary bed relative to the number of alveoli is one 
of the adjustments to an area-reducing lesion, 
and 
scope. Viewed in this light, the alveolar-capillary 


that this compensation is limited in its 


bed of the resting patient who has had a_ resec- 
tion has encroached on the expansion of which 
this bed was capable preoperatively during ex- 
ercise, 

The diffusing capacities listed in table 1 for 
‘normal’ subjects are higher than those previ- 
ously reported for comparable rates of oxygen 
consumption. The highest value tabulated by 
Cohn and associates (14) in subjects within the 
same age limits was 80, or 38 per square meter 
of body surface area, as compared with 86 (46 
per square meter) in one of the subjects in the 
present study. There were 13 values below 35 per 
M? among the 19 reported by Cohn and associ- 
the patients re 
If one excludes 


ates; there were none among 
ported by the present writers. 
analytic errors, these differences might be ex- 
plained by the greater oxygen consumptions and 
the younger ages of the patients in the present 
study. Whereas 11 of their measurements were 
obtained at metabolic rates less than 850 cc. per 
min. per M?, this was true in only 4 of 12 in the 
present series; the mean oxygen consumption 
among their patients was 858 per M* as compared 
with 912 per M* among those in the present re 
port. Six of their nine subjects between seventeen 
and thirty-five vears of age were twenty-nine 
vears or more; 11 of the 12 subjects in the present 
study were twenty-seven years old or less (see 


table 1). Since diffusing capacity decreases with 


| 
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metabolic rate and age, these differences might 
account for the higher values in the present 
series. It may also be that there is a relationship 
between diffusing capacity and physical fitness; 
the subjects in this series, being on active duty 
in the armed forces, may have differed from those 
of Cohn and associates in this respect. 

A vigorous 60-vear old man (patient No. 0785) 
had a diffusing capacity approximately one-half 
that of the younger subjects. A 46-year-old man 
patient No. 0857) with atelectasis of the right 
middle lobe had 
identical with that of a 25-vear-old subject whose 


a diffusing capacity almost 


entire right lung was virtually unperfused 

patient No. 0929). In neither of these patients 
could poor exercise tolerance account for the low 
values. Reduction in the maximal area of the 
alveolar-capillary bed with age appeared to be a 
reasonable explanation (14). 

The two women included in this study (patient 
No. 0934, table 1, and patient No. 0454, table 4) 
achieved metabolic rates substantially below 
those reached by the men. Mean gradients, how 
ever, ranged from 25 to 32, values at which mani 
mal diffusing capacities are usually obtained (1). 
these, 
“coin” lesion, the diffusing capacity was 15 per 


\I*, considerably less than in the man of sixty. 


In one of a 37-vear-old officer with a 


The other woman was eighteen years younger 
than the previous one and gave the impression 
of having greater exercise tolerance despite her 
extensive disease. The mean of her two diffusing 
capacities was 20 per M*. This is nearly the same 
figure as that recorded for a young man (patient 
No. 0128) who was comparable with respect to 
age, magnitude of resection, and level of exercise. 
The first study, then, suggests that there is a sex 
difference in diffusing capacity; the second does 
not clearly confirm this observation. 


The four postoperative diffusing capacities 
figure 2) measured at metabolic rates below 
1.200 ce. of oxygen per minute fell below the 


regression line calculated from studies performed 
it higher rates. Rigid statistical criteria for con 
sidering these values significantly different from 
the others were present in only one of the 4 in 
the fact that 


than would be expected from regression is com 


stances. However, each is lower 
patible with the observation that diffusing capac 
itv increases with the severity of exercise at rates 
of oxygen uptake below 1,200 ce. per min. (15). 


That the effect of bronchiectasis on diffusing 


capacity is variable is shown in figure 1. Williams 
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(21) has suggested that patients in whom a fall is 
found also have emphysema and that the low 
diffusing capacity in these results from the latter. 
The changes in permeability and area implied in 
the anatomic studies of lung tissue resected from 
the with this 
hypothesis unnecessary without eliminating it. 
Moreover, 2 of the 3 patients with clearly de 
pressed diffusing capacities had normal maximal 


patients bronchiectasis render 


breathing capacities and normal residual vol 
umes/total lung capacity ratios; emphysema in 
these was unlikely. One can conclude that the 
diffusing capacity may or may not be depressed 
in patients with bronchiectasis and that, when it 
is depressed, emphysema need not be present. 

It may be seen in figure 2 that maximal diffus 
ing capacity is reduced in proportion to magni 
tude of resection. One possible source of error in 
arriving at this conclusion requires special men 
tion, namely, the relative brevity of the convales- 
cent period in most postoperative patients and 
the effect of surgical trauma on the diffusing 
capacity of the remaining lung. Recovery from 
the effects of pulmonary surgery on lung volumes 
and ventilation continues after six months (22, 
23). Most of the patients were studied less than 
four Why did the 
diffusing capacity of each patient with localized 


months postoperatively. 
excision of an isolated pulmonary nodule decrease 
postoperatively? Is trauma to the lung propor- 
tional to magnitude of resection and is the slope 


of the regression line in figure 2 a 


function of 
incomplete “recovery” of remaining lung rather 
than of the estimated amount of remaining lung? 

Although there are no certain replies to these 
questions, the study of patient No. 0356 indicates 
that diffusing capacity may be reduced in pro- 
portion to resection even when convalescence 
has been prolonged. This patient had bilateral 
resections and was studied five and a half vears 
postoperatively ; his diffusing capacity was about 
what one would predict from estimating the 
amount of lung tissue remaining. 

Whether the slope of the regression line in 
figure 2 is attributable to area reduction caused 
by excision of lung tissue or whether it is attribut- 
able to undetermined 
other data that 
lowered 


eauses such as trauma, 
reduction 


diffusing 


show area 


associated with a 
Thus, 
patients (table 5) who had no operation but who 
had lesions thought to affect primarily the area 


capacity. 


a low diffusing capacity was found in 


of the alveolar-capillary bed; when there was a 
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MEASUREMENT OF PULMONARY 
basis for predicting how low the diffusing capacity 
might be, there was close agreement between the 
prediction and the value derived from figure 2. 
Moreover, the diffusing capacities of exercising 
dogs (24) are approximately what one would 
expect if diffusing capacity is a function of mem- 
brane area and if, as seems reasonable, membrane 
permeabilities in man and dog are comparable 
and membrane areas differ in proportion to body 
weight. 

in summary, it is conceivable that trauma to 
the lung and brevity of convalescence have some 
how affected some of the measurements. In the 
absence of such effects, the regression line in 
figure 2 would probably be steeper and pass 
closer to the mean of normal values. 

Diffusing capacity, measured by a number of 
techniques, has been shown to be low in patients 
with 
brane.” 


disease of the alveolar-capillary “mem 
In studies in which diffusing capacity 
lor Oxygen Was measured directly, however, the 
levels of exercise 25-28). There is the 
possibility, therefore, that the low figures reflect 


were low 


poor exercise tolerance and incomplete expansion 
of the alveolar-capillary bed rather than the 
effects of the lesion itself. The data of figure 4, 
as well as the studies of Cugell and associates 
29) with carbon monoxide, show that low diffus 
capacity may be found in patients with 


ig 


“membrane disease’? who nevertheless achieve 
relatively high metabolic rates. 

Pulmonary fibrosis may (30) or may not (31) 
be associated with obstructive disease and 
“hyperinflation.” In the latter instance, diffusing 
capacity might be reduced for reasons similar 
to those sited for emphy sema (19). As a group, 
however, the patients in the present series had 
normal maximal breathing capacities, somewhat 
reduced total lung capacities, normal volumetric 
ratios (one exception), and normal mixing indices 
fone exception). With one possible exception, 
therefore, the characteristics of obstructive 
lacking. A likely explanation for 


diffusing capacities appeared to be 


disease were 
the low 
abnormality of the alveolar walls themselves. 
capacities among the 


The low diffusing 


patients with “membrane disease” may not, of 
course, be attributable exclusively to changes in 
permeability, for “membrane disease” is com 
monly compounded by reductions in “membrane” 
area; not only do the alveolar walls increase in 
thickness and change in composition, but alveoli 
themselves are entirely replaced by the abnormal 
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tissue (32, 33). It is improbable, therefore, that 
“membrane disease,” in the sense of permeability 
change independent of area reduction, appeared 
among the patients listed in table 4. 

The data were examined to see if the ventila- 
tory equivalent,® a crude index of the economy of 
gas exchange, revealed differences between nor- 
mal and abnormal groups of patients. This was 
done by computing ventilatory equivalents dur- 
ing exercise at both levels of oxygenation in 
normal subjects, in the 9 patients with resections 
included in table 4, and in 6 of the 7 patients 
included in table 6. 
It was found that the increase in ventilatory 


with “membrane disease” 


equivalent with hypoxia was significantly greater 
(P 0.01) in the abnormal than in the normal 
(1.15 + 0.26 0.74 + 0.50 
normal). Such a comparison is meaningful, of 


group abnormal, 
course, only if metabolic rates and degrees of 
hypoxia are comparable, as, indeed, they were. 
The necessity for creating high gradients by 
maintaining higher-than-normal alveolar oxygen 
tensions did, therefore, impose on these patients 
an additional metabolic cost of breathing. 

Two other factors contributing to the ineffi- 
ciency of respiration in such patients are an in- 
crease in physiologic dead space (4, 25) and a 
decreased compliance (34, 36). Both of these 
changes signify augmented work of breathing at 
any level of alveolar ventilation. 

Inevitably, therefore, and quite apart from 
factors relating to airway resistance, reduced 
diffusing capacity attributable cither to reduced 
area or decreased permeability must be associ- 
ated under some circumstances with increased 
respiratory work and effort. 


SUMMARY 


The method of Lillienthal, Riley, Proemmel, 
and Franke was used for measuring the pulmo- 
nary diffusing capacity for oxygen in the follow 
ing groups: 12 “normal” young men with isolated 
pulmonary nodules (‘‘coin” lesions) or with no 
demonstrated pulmonary pathology, 7 young 
men with bronchiectasis, 4 young men following 
resection of an isolated pulmonary nodule, 12 
young men following resections varying in magni- 
tude from 3 to 10 bronchopulmonary segments, 10 
with a variety of lesions affecting 


young men 


primarily the area of the alveolar-capillary mem 
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with disease of the 


bear 


brane, and 7 young men 


alveolar-capillary) membrane. Observations 


ing on the effects of age, sex, and severity of 


exercise were also made. In most studies, meta 
bolic rates at the lower level of oxygenation 
1,200 ce. 
mercury or 


exceeded per minute, end-gradients 


were 12 mm. of more, and mean 
gradients were 22 mm. of mercury or more. 

“Normal” values were 39.7 + 3.4 per square 
meter of body surface area. 

Bronchiectasis was associated with a low diffus 
ing capacity in 3 of the 7 patients; each of these 
had involvement of the basilar segments of both 
lower lobes 

Among the patients with resections, the diffus 
ing capacity was proportional to the number of 
intact or remaining bronchopulmonary segments. 
The diffusing capacity was reduced twenty-five 


to eighty-one days following resection of a 


“com?” lesion. 

Diffusing capacities among the patients with a 
variety of lesions were reduced when the area of 
the functioning alveolar-capillary membrane was 
probably decreased, and were increased following 
surgical procedures thought to result in an en 
larged diffusing surface. 

Kach of the 7 
(sarcoidosis, interstitial fibrosis, pulmonary fibro 


men with “membrane” disease 
sis) had a low diffusing capacity, the mean for 
the group being 23.4 as contrasted to 39.7 in the 
“normal” group. 

The correlation between diffusing capacity and 
other parameters of function was generally poor. 

These data bear out the hypothesis that the 
method of Lillienthal, 
Franke for measuring diffusing capacity is af 


Riley, Proemmel, and 
feeted by changes in area of the alveolar-capillary 
membrane as well as by changes in its permea 
bility 


SUMARIO 
Vediciones de la Capacidad Difusora del 
Pulmon para el Oxigeno durante 
el E je reiclo 
Lillienthal, Riley, 
Franke fué usado para medir la eapacidad difusora 
del 


grupos 


Ik] método de Proemmel 


pulmon para el oxigeno en los siguientes 


12 jévenes “normales’’ con  nédulos 


pulmonares aislidos (lesiones redondas) o con 


patologia pulmonar reconocida, 7 jovenes con 


consecutivamente 
ttislade, 12 


euva 


bronquiectasia, 4° jovenes 


reseceion de un nédulo pulmonar 


jovenes consecutivamente oresecctones 


NEWMAN, 
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magnitud variaba de 3 a 10 segmentos bronco 


pulmonares, 10 jévenes con lesiones variadas que 


afectaban primariamente Ia zona de la mem 
brana alvéolo-capilar vy 7 jévenes con enfermedad 
de la membrana alvéolo capilar También se hicie 
ron observaciones relacionadas con los efectos de 
la edad, del sexo vy de la intensidad del ejercicio 
En la mayor parte de los estudios, los coeficientes 
metabdlicos al nivel menor de oxigenacién exce 
1,200 


12 mm. de mereurio o mas y las 


dian de por minuto yv las pendientes 
finales eran de 
medias de 22 mm. de mercurio o mas. 

Los valores ‘‘normales” fueron de 39.7 + 3.4 por 
metro cuadrado de drea del cuerpo 

La bronquiectasia se asociG con baja capacidad 
difusora en 3 de los 7 enfermos, cada uno de los 
cuales tenia afectados los segmentos basilares de 
ambos I6bulos inferiores 

Entre los enfermos con resecciones, la capacidad 
difusora guard6é relacién con el nimero de seg 
mentos bronecopulmonares intactos o restantes. 
veinticinco a 


Se redujo dicha capacidad a los 


ochenta v un dias de la reseecién de una lesién 


redonda 


Entre los enfermos con lesiones variadas, se 


rebaj6 capacidad difusora cuando estaba 


probablemente disminuida el drea funcionante de 
la membrana alvéolo-capilar y elevé a 
continuacién de procedimientos quirtrgicos a los 


que se atribuia un aumento de la superficie difu 


sora. 
Cada uno de los 7. sujetos que tenian 
nfe rmedad de la membrana” (sarcoidosis, 


fibrosis intersticial, fibrosis pulmonar) mostré 
baja eapacidad difusora, siendo el promedio para 
el grupo de 23.4, en contraposicién a 39.7 para el 
grupo 


La correlacién entre li capacidad difusora 


normal 


otros pardmetros de la funcién fué en general 
mala, 

Confirman estos datos la hipétesis de que el 
Franke 
para medir la capacidad difusora se ve afectado 
del de la 
alvéolo-eapilar a la par que por las alteraciones 


le su permeabilidad 


método de Lillienthal, Riley, Proemmel \ 


por las alteraciones drea membrana 


ReESUMI 


Vesures de la capacité pulmonaire de diffusion 


de Voxrygene au cours de Vere rcice 


La méthode de Lillienthal, Riley, Proemme! et 
Franke a été employée pour mesurer Ia capacité 
pulmonaire de diffusion de Voxygene dans les 
groupes suivants: 12 jeunes gens “‘normaux’’, 
présentant des nodules pulmonaires isolés (lésions 
en “piéce de monnaie™’), ou sans lésion pulmo 


naire prouvée, 7 jeunes gens atteints de bron 


pal 

de 
de 
lair 
( 
Cup 
nor 
ind 
dan 
sui 
mol 
L 
mil 
zone 
(Mai 
men 
dest 
pare 
stiti 
dimi 
de 
les 
était 
métl 
Fran 
influ 
paro 


modi 


Th 
BG 
hel pf 
R.H 
Was | 

Th 
pital 
fully 
relli, 


) 
pt 
j pu 
ti 
sel 
Le 
l’e 
de 
mit 
> mi 
ou 
ou 
| 


ico 
que 
Pm 
dad 
cie 
de 
clo 
ites 
ce 
ites 


las 


por 


los 


mn 


MEASUREMENT OF PULMONARY 


fayvant subi une réseection d'un nodule 


checlasie, 


pulmonaire isolé, 12 ayant subi des résections dont 
importance variait de 3.4 10 segments broncho 
pulmonaires, 10 présentant diverses lésions, affee 
tant surtout la paroi alvéolo-capillaire, et 7 pré- 
sentant une affection de la parot alvéolo-capillaire. 
Les effets de lage, du sexe et de la rigueur de 
l'exercice furent aussi observés. Dans la plupart 
les taux du métabolisme au niveau mini 
1.200 ce 
minute, le niveau limite étant de 12 mm de mercure 


des cas, 


mum d’oxygénation ont dépassé par 
ou plus et le niveau moyen de 22 mm de mercure 
ou plus 

Les mesures ‘‘normales”’ étaient de 39,7 + 3,4 
par m?* de surface du corps. 
avee une capacité 


La bronchectasie coincidait 


de diffusion basse chez 3 des 7 malades; chaeun 
d’eux présentait une atteinte des segments basi 
laires des deux lobes inférieurs. 

Chez les malades ayant subi une résection, la 
capacité de diffusion était proportionnelle au 
nombre restant des segments broncho-pulmonaires 
indemnes. La capacité de diffusion était réduite 


dans les ving-cing 4 quatre-ving-et-un jours 
suivant la résection de la Iésion en “piéce de 
monnaie’’. 

La capacité de diffusion était réduite chez les 
malades présentant des lésions diverses quand la 
zone ott la paroi alvéolo-capillaire fonctionnait 
(ait probablement diminuée, et elle était aug 
mentée A la suite d’interventions chirurgicales 
destinées 4 augmenter la surface de diffusion. 

Chacun des 7 hommes atteints d’affection de la 
parot alvéolo-capillaive (sxrecidose, selérose inter 


stitielle, selérose pulmonaire) présentait une 


diminution de la capacité de diffusion, la moyenne 
de cette capacité étant 23,4 pour ce groupe, com 
parée 4 39,7 pour le groupe ‘“normal’’. 

La corrélation entre la capacité de diffusion et 


les autres paramétres de la fonetion pulmonaire 
(ait généralement pauvre 

résultats confirment 
Lillienthal, 


Franke, pour mesurer la eapacité de diffusion est 


Ces Vhypothése que la 


méthode de Riley, Proemmel et 


influencée par les modifications de la surface de la 


parol alvéolo-capillaire aussi bien que par les 
modifications de sa perméabilité 
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OF DIFFUSE OBSTRUCTIVE EMPHYSEMA' 
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INTRODUCTION 


The purpose of this paper is to evaluate on an 
objective basis the long-term results of surgical 
treatment in 18 patients with diffuse obstructive 
emphysema. This group was treated surgically 
between 1951 and 1956, and evaluation is based 
on pre- and postoperative lung function studies, 
including lung volumes, maximal breathing 
capacity, bronchospirometry, and analysis of 
blood The first 


were done months to 


arterial postoperative 


gases. 


studies four two years 
after surgery, and some patients were followed 
for a period as long as six years. 

The results of surgery in patients with bullae 
or air without obstructive disease, as 
reported in the literature, are excellent and will 
detail (1-6). 


patients have been included in this paper for 


cysts 


not be discussed in Two such 
comparison only. An attempt will be made to 
that the 


presence of obstructive emphysema is feasible 


show surgical treatment of bullae in 
even in severely disabied patients and that the 
Many 


surgical techniques have been described in the 


results of such surgery are encouraging. 


literature (7-13). In the present group, surgery 
was aimed at the removal of air cysts with the 
least. possible sacrifice of surrounding lung tissue. 
Section of the vagus nerve (14) was done, in 
addition, on 8 patients in the hope of diminishing 


bronchospasm. 


MATERIAL 


The material comprises 20 patients who have 
heen grouped into three categories. Group I con 


' From the Cardiopulmonary Laboratory of the 
University of Vermont College of Medicine, the 
Mary Fletcher Hospital, and the departments of 
Medicine and Surgery of the University of Ver 
mont, Burlingten, Vermont. 

? This study was supported in part by grants 
the Vermont Heart Association and the 
Vermont Tuberculosis and Health Association. 

‘ Fellow in Medicine, Cardiopulmonary Labora 
, University of Vermont College of Medicine, 
Burlington, Vermont 


tory 


S25 


sists of 8 patients who, in addition to plication 
and removal of blebs, had vagus sections. Group 
II, comprising patients without vagus sections, is 
subdivided into Group ITA (unilateral surgery) 
and Group IIB (three bilateral procedures and 
one patient with two procedures on the same side). 
The 2 patients classified under Group IIT had 
surgery for localized blebs without obstructive 
disease and are included for comparison only. 
Eighteen of the 20 patients were males. The ages 
varied from thirty-six to sixty-one vears, with an 
average of forty-two vears. Clinically, all were 
disabled, 12 unable to work. 
Dyspnea was present in all, and some could not 
even walk on the level. Eleven patients were 
heavy smokers and had smoked more than one 
package of cigarettes a day for at least ten vears. 
Only 6 had previous histories of bronchial asthma. 
Cough with expectoration was present in 18, 2 
of whom had some bronchiectasis proved by 
bronchogram. Only one patient had signs of con- 


seriously being 


gestive cardiac failure. 


Metruops 


The diagnosis of emphysema was established 
on the basis of the physical findings of increased 
postero-anterior diameter of the chest, diminished 
breath sounds, and hyper-resonance, in associa- 
tion with and 
chest examination and pulmonary function studies 
as deseribed below. The diagnosis of bullae or air 
cysts was made by roentgenographic examination 
A very high pulmonary 
mixing index was interpreted as suggestive evi 


roent genographic fluoroscopic 


and by function studies. 


dence of bullae. 

Maximal breathing capacity was determined by 
method using a high-velocity 
Rudolph valve and a 150-liter Douglas bag. Col- 
lections were made over a thirty-second period. 
Duplicate determinations were required to check 
within 5 liters. Volumes were calculated at am- 
bient pressure and saturated with water vapor 
at body temperature (15). 

The residual air and pulmonary volumes were 
determined by a modified open-circuit method of 
Darling, Cournand, and Richards (16). Duplicate 
studies were required to check within 5 per cent. 


an open-circuit 


Predicted values were calculated on the bases of 
age, height, and sex according to the method of 
Baldwin, Cournand, and Richards (17). Nitrogen 
analysis of the collected gas was done on the Van 
Slyke manometric apparatus, and alveolar sam 
ples were analyzed by the Van Slyke method and 
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later in the study with a Waters A-6 nitrogen 
meter. 

Exercise blood gas studies, when able to be per 
formed, were done on a motor-driven treadmill, 
an indwelling Riley needle having previously 
been placed in the left brachial artery. Expired 
gas and arterial blood were collected simultane 
ously during the fifth and sixth minutes of exer- 
cise. Resting studies were done by collecting ex 
pired gas and arterial blood simultaneously after 
a period of adaptation to the mouthpiece. Expired 
gas was analyzed for oxygen and carbon dioxide 
on the Scholander apparatus. Duplicate analyses 


were required to check within 0.04 per cent 
Minute volume was calculated at ambient pres 
sure and saturated with water vapor at body 


temperature. Oxygen utilization and carbon di 
oxide production calculated at standard 
temperature and pressure, dry. 

Oxygen content and capacity of the arterial 
biood were determined on the Van Slyke apparatus 
by the method of Van Slyke and Neill (18), as 
was carbon dioxide content. Duplicate analyses 


were 


were required to check within 0.25 volumes per 
cent. Direct tension of oxygen and carbon dioxide 
in the arterial blood was determined by the Filley, 
and Wright (19) modification of the Riley, 
Proemmel, and Franke method. Duplicate analy 
ses checked within 3 mereury. Plasma 
earbon dioxide and pH were calculated from the 


Cray 
mm. of 


whole blood carbon dioxide content, the hemo 
globin capacity, and the carbon dioxide tension 
vccording to the method of Van Slyke and Sendroy 
20). Alveolar oxygen tension was calculated by 
the modified Bohr Filley, MacIntosh, 
and Wright 21 

Bronchospirometry was performed with a Car 
catheter. Expired gas collec 
tions were made in two Douglas bags through a 
Cias volume 


formula of 


lens double-lumen 


modified Collins bronchospirometer 
was measured and samples were analyzed in a 
Scholander Ventilation 
carbon dioxide production, and vital ea 


apparatus oxygen utili 
zation 
were calculated for each lung as a per 
total 


establish 


pacity 
centage of the Multiple spirograms were 
obtained to adequate separation of 
the two lungs 

The operative procedures were tailored to the 
individual case and consisted of the removal of 


larger blebs and plication of the smaller ones 
was taken to avoid unnecessary loss of 
bilateral 


the side showing the poorer function by 


(;reat care 


lung parenchyma In individuals with 
bullae 
bronchospirometry was operated on first. At the 
time of the surgery, the degree of compression of 
surrounding lung tissue was noted when possible 
and graded from one- to four plus. Vagus section, 
when done, was based on a previously good re 
sponse ol the maximal breathing capacity to 
bronchodilator agent or the anesthetist’s sensation 
of decreased resistance of the lung produced by 


\vloeaine block of the vagus at the time of surgery 
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> 
RESULTS 


There were no operative deaths. All patients 
but one (JZ) showed marked clinical improve- 
ment after the first procedure. Postoperative 
hydropneumothorax in 2 


patients and empyema in 2, one of each requiring 


complications were 
thoracoplasty; one patient developed a transient 


psychosis in the early postoperative period. 


Four patients died between eighteen and thirty 


TABLE 2 
BRONCHOSPIROMETRY SHOWING 
THE SurRGICALLY TREATED 


RESULTS OF 
Ft NOTION OF 


Sipe Berore ANd AFTER OPERATION 

Function in Per Cent of 
wie 

rime of | Operated Car 

Name Study Side Oxy-| bon 
\ - Di Vital 
enti gen o Ca 
lation Up i 
take ide city 

Out 

put 

(months) 
Group I 

0 Left 60 49 58 1S 
21 52 | 53 | 52 1) 
M.1 0 Left 29 | 28 | 26 i) 
30 | 29 | 26 32 
MG 0 Right 9 | 45 | 46 3f 
23 52 | 58 | 56 52 
JL 0 Right $1 | 42 | 39 69 
9 39 | 38 | 33 5l 
K.P. 0 Right 52 | 52 | 52 50 
55 | 62) 56 19) 
0 Left 16 46 43 1) 
7 i] 15 


Group ITA 


R.L 0 Right 52 
59 | 63 64 16 
V.B. 0 Left 32 | 31 | 29 39 
2 52 15 
12 35 32 32 30 
Group 
R.F 0 Left 52 | 34 | 40 
10 10 $4 6 1 
0 Left 30 13 
R.B 0 Left 0 5O 49 13 
9 32. 33 36 
R.D. 0 Left 5 38 | 43 H 
3 53. O57 10 
S Right iS 460 (46 17 
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GG 0 Left 0 | 42) 41 7 
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TABLE 3 


Gain OR Loss IN PER CENT OF 
Operated Venti Oxygen Carbon 
Patient lation U Dioxide 
— Output 
ipl 

@.K. Left 8 44 
2. (M.T Left +] aa Same 
3. (M.G.) Right +3 +13 +10 
Right 2 -4 
5. (E.P Right +3 +10 +4 
Left 5 3 5 

Group 
6. (V.B Left IS +20 +23 
7. (R.L Right +16 +18 +20 

Group IIB 
S. (R.F.) Left 12 Same -6 
Left } +3 7 
9. (R.B.) Left Ss —11 —16 
10. (R.D.) Left +S +17 +14 
Right +5 + +11 

Group Til 
Hl. Left +6 +5 +6 
months postoperatively. Causes of death were 
congestive failure in 2 patients (./J and BS), 
sudden unexplained death in one (RH), and 
respiratory insufficiency in the fourth (#P) 


following a thoracoplasty for unexpanded lung. 

Complete physiologic data are presented in 
tables 1, 2, and 3. In Group J, all but one patient 
months following 


studied within nine 


surgery. The maximal breathing capacity in- 


vere 


creased in 3 and decreased in 2 patients, while 3 
vere unable to perform the test. Vital capacity 
ind total lung volume inereased in 4 patients 


ind decreased in 4. Mid-capacity and residual 


ir volumes decreased in 5 and increased in 3. 
Pulmonary mixing index decreased in 4 patients 
ind increased in 3, and the data were not avail 
ble in one, 

Of 6 patients who had arterial blood studies, 
5 showed a preoperative oxvyhemoglobin satura- 
tion below 90 per cent cither at rest or exercise. 
\ll were above 90 per cent in the postoperative 
valuation. One patient included in Group T did 
fall to S9 per cent saturation following a second 
Arterial dioxide — tension 


procedure. earbon 


FUNCTION ON THE SURGICALLY 


TREATED SIDE 


Coals Degree of Pulmonary Compression 
+1 None 
—7 None 
+13 Plus 
+2 None 
I K.P. had two operations with vagus seec- 
j tion on the left side only, R+;L++-+4+. 
+6 1+ 
6 None 
+4 R.F. had two operations on the same 
side ho compression. 
-10 None 
-7 R.B. had two operations but broncho 
spirometry not done before and after 
second surgery. L-none; R+. 
—4 R.D. had two operations. L+++ 
| R+ ++ 
3+ 


determined at rest decreased in 4 patients in 
Group I, the largest decrease being 24 per cent. 

The 6 patients of Group [1A were studied at 
intervals of six to thirty-six months postopera- 
tively. Maximal breathing capacity increased in 
3 patients and decreased in 3. Vital capacity 
increased in 2, decreased in 3, and could not be 
done in one. Total lung, mid-capacity, and resid- 
ual air volumes decreased in 4 patients, in- 
creased in one, and could not be determined in 
one instance. Pulmonary mixing index decreased 
in 5, and the result is not available in one. 

In one of the 2 patients in this group with 
blood the 


saturation was less than 90 per cent both pre- 


arterial studies, oxyhemoglobin 
and postoperatively. Carbon dioxide diminished 
in one patient following surgery. 

Three patients in Group ITB were restudied 
within one year following each of their surgical 
procedures. Following the first operation, the 
maximal breathing capacity increased in 2 and 
was unchanged in one. Following the seeond 
operation, maximal breathing capacity increased 
in one, deereased in one, and was unchanged in 
Vital capacity after the first operation 


one. 
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increased in one patient, decreased in one, and 
was unchanged in one. Following the second 
procedure, all vital capacities decreased. Total 
lung, mid-capacity, and residual air volumes 
showed progressive decrease in all patients after 
the first operation. Mixing index increased in one, 
decreased in 2, and remained the same in one. 
One of the 2 patients in Group I17B who had 
arterial blood studies showed minor depression 
in oxvhemoglobin saturation, and one showed a 
minor increase in arterial saturation after the 
second procedure. Carbon dioxide tension did not 
change significantly in either one. The results of 
bronchospirometry in 10 patients are shown in 
table 2, and the comparisons between the pre- 
and postoperative studies are sum- 
marized in table 3. 
instances and diminished in 5; oxygen utilization 
increased in 7, diminished in 2, and remained the 


operative 
Ventilation increased in 8 


same in one. Carbon dioxide production paral- 
leled ventilation. Vital capacity increased in half 
and decreased in the other half. Second operations 
in patients EP and RF resulted in diminished 
function of the treated side. 


DiscUSSION 


Surgical removal of emphysematous blebs 
might be expected to improve function by allow- 
ing the compressed Jung to expand, by decreas- 
ing dead space and thereby increasing alveolar 
ventilation (22), and by relieving compression 
on the pulmonary vasculature (9). A combination 
of these effects might then be expected to return 
ventilation ratios toward normal. 
telief of bronchospasm by nerve section should 


perfusic 


also improve alveolar ventilation. It should be 
pointed out, however, that objective evidence 
from lung function studies does not correlate 
closely with the clinical picture of pulmonary 
emphysema (23), and only minimal improve- 
ments in these studies may be observed post- 
operatively in patients with marked clinical 
improvement 

The patients in this report were treated sur- 
their disability, 
objective evidence of functional 
relative youth, and failure of intensive medical 


therapy. Following surgery, 17 of the 18 patients 


gically because of clinical 


impairment, 


had impressive relief of dyspnea, and many were 
able to return to productive activity. 

The two objective factors common to this 
improvement were a reduction in residual air 
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index; 


volume and pulmonary mixing this 
occurred in 13 and 11 instances, respectively. 
patients, and 
were 


Vital capacity was raised in only 7 


maximal breathing increases 
unimpressive, with only 2 
relief of pulmonary parenchymal compression 


showed no correlation with measurable changes 


capacity 
exceptions. Surgical 


in function. In fact, patients estimated at opera- 
tion to have no compression exhibited some of 
the definite clinical 
functional improvement. Microscopic sections of 


most postoperative and 
resected lung tissue failed to reveal any evidence 
of alveolar wall thickening as a cause of arterial 
oxygen unsaturation. 

In 
arterial oxyhemoglobin saturation after surgery, 
ventilation only 
inereased, and physiologic dead space changes 
varied. These facts would strongly suggest that 
more normal ventilation-pe.fusion balance has 
Bronchospirometric studies 


those patients demonstrating increased 


alveolar was occasionally 


been approached. 
showing almost universal] increases in oxygen 
uptake on the operated side despite erratic 
changes in ventilation add further weight to this 
hypothesis. That those patients with the greatest 
clinical improvement had undergone vagus 
section would also indicate that this procedure 
had definite value. 

Of the 8 patients studied a second time after 
surgery, 6 definite deterioration in 
function when the data were compared with the 
results of the first postoperative study, but the 
patients were still improved over the preoperative 
level. These patients all maintained their good clin- 
ical improvement. The deterioration in function 


showed 


would suggest progression of the original disease 
process. There appeared to be no impairment 
of function from the surgical procedure itself. 

From this presentation, certain conclusions 
may be drawn. Although no definite criteria for 
selection of patients for surgery can be laid 
down, it is that 
patients of relatively younger age with some 
degree of bronchospasm and at least suggestive 


believed severely disabled 


evidence of bullae by roentgenographic examina- 
tion or studies of pulmonary function should be 
offered surgical therapy. At the time of operation, 
effort should be directed to removing or plicating 
larger blebs. Vagus section should be done if 
there is an element of bronchospasm as shown by 
improvement of maximal breathing capacity 
after bronchodilator agents. The results in the 
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SURGERY FOR DIFFUSE 


present group show that this surgical procedure 
offers definite benefit to patients with diffuse 
obstructive emphysema complicated by bullae. 


SUMMARY 


Preoperative and long-term follow-up function 
studies are presented of 18 patients with diffuse 
obstructive pulmonary emphysema with bullae, 
\ll of the patients but one showed good clinical 
improvement, although 4 died eighteen to thirty- 
six months later from ultimate progression of 
their disease. The major pulmonary function 
changes were definite decreases in residual air and 
pulmonary mixing indices and increases in 
arterial oxyhemoglobin saturation. Improvement 
was associated with increased oxygen uptake on 
the affected side as demonstrated by broncho- 
spirometry. Vagus section was associated with 
clinical improvement. 

Improvement in ventilation perfusion ratio is 
the the 
clinical improvement. 


suggested as basis of demonstrated 


SUMARIO 


Justipreciacién Objetiva a Largo Plazo del Trata 
miento Quirirgico del Enfise ma Oclusivo Difuso, 
Estudio Fisiolégico 


Preséntanse estudios funcionales preoperatorios 
y de observacioén a largo plazo en 18 enfermos que 
tenfan enfisema pulmonar oclusivo difuso con 
flictenas. Todos los enfermos, menos uno, revelaron 
buena mejoria clinica, aunque 4 fallecieron de 
dieciocho a treinta y seis meses después de agrava- 
cién final de su enfermedad. Las mayores altera 
ciones de la funcién pulmonar consistieron en 
disminuciones de del 
aire residual y de la mezela pulmonar y aumentos 


La 


mejoria se vinculé con aumento de la toma de 


bien definidas los indices 


en la saturacién arterial de la hemoglobina. 
oxigeno enel lado afectado segtin reveldé la broncos 


La del 


mejoria clinica. 


pirometria. reseccion neumogiastrico se 


asocio con Como base de la 


mejoria clinica observada se sugiere el mejora 


miento de la proporcién de ventilacién y perfusion. 


RESUME 


terme du_ traitement 
oblitérant diffus. 


e élude ph ysiologique 


Evaluation objective a long 


chirurgical de mphysé Hie 
U, 

Les auteurs présentent une étude du fonction 
nement pulmonaire 4 la période pré-opératoire 
et pendant une longue durée aprés l’intervention 
chez 18 patients atteints d’emphys*me pulmonaire 


bulleux, oblitérant diffus. Tous les malades sauf un 


OBSTRUCTIVE EMPHYSEMA 


ont présenté une amélioration clinique nette, 
bien que 4 d’entre eux soient décédés de 18 A 36 
mois apres l’intervention, par suite de l’aggrava- 
tion finale de leur maladie. Les changements les 
plus importants du fonctionnement pulmonaire 
étaient: une diminution nette de lair résiduel 
ainsi qu'une augmentation de la saturation de 
fut 


imputée 4 un apport en oxygene accru du cété 


Voxyhémoglobine artérielle. L’amélioration 
atteint, comme le montrait la bronchospirométrie. 
La pneumogastrectomie a été suivie d’une amé 
lioration clinique. Il est suggéré que cette amé- 
lioration clinique est due A une amélioration du 
pourcentage de la perfusion de l’oxyvgene 
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INTRODUCTION 


The writers recently studied and reported (1) 
case of chronic lymphatic leukemia in’ which 
massive infiltration of the lung by leukemic cells 
fatal pulmonary the 
iveolar-capillary block type. Prompted by this 
stimulated, the 


aused insufficiency of 


case and by the discussion it 
previous experience with pulmonary involvement 
in leukemia at this hospital was reviewed in an 
attempt to determine its incidence and to cor 
relate the pathologie with the clinical and roent 


genographie findings. 


PLAN OF Srupy 
The autopsy protocols, roentgenographic re 
ports, and summaries of clinical records of all 


patients upon whom autopsies were performed be 
tween mid-1946 and mid-1957 and in whom a diag 


leukemia was made were reviewed. If 


gross or histologic pulmonary abnormalities were 


nosis of 


described in the autopss protocol, or if unusual 
clinical or roentgenographic pulmonary findings 
mentioned in the summaries, a more 
This consisted 


were com 


ple te study of the case was made 
of evaluation of the clinical records with specific 
ttention to symptoms and findings in the lungs; 
f study of the chest roentgenograms, when still 
vailable; and of critical review of the microscopic 
If, following the review, the diagnosis in 
certain patients seemed more compatible with 
lvmphomas other than leukemia, or with myelo 
which terminated in a 


sections 


proliferative disorders 
leukemic phase, the cases were discarded. A total 
of 109 patients remained for inclusion in this re 
port 

Leukemia was then subdivided into the acute 
nd chronie forms; acute exacerbation or blastic 
crisis of chronie leukemia was included with the 
table 1 
division Was easily made by clinical, hematologic 
In other words, 


latter (sec In the majority of cases sub 
pathologic, and temporal criteria 
it was found that patients with bone marrow con 
sisting predominantly of large numbers of one type 
of immature leukoevte and showing minor degrees 


of organ infiltration usually had run an acute 
From the Chest Section of the Medical Service 
nd the Cardiopulmonary Laboratory, Veterans 
Administration Hospital, Bronx, New York, New 
York 
Present address: Veterans Administration 


Hospital, Ann Arbor, Michigar 


course, death occurring within six to nine months 
of onset of clinical disease. On the other hand, 
patients with marrow showing « more variegated 
picture, as well as considerable visceral involve 
had manifested a more chronic 
In a few instances, 


ment, ordinarily 
illness lasting well over a vear 
however, patients with hematologic and patho 
logic findings suggesting chronic disease ran a 
rather fulminant course; the reverse situation was 
quite rare. These few cases, many of which had 
previously been called ‘subacute,’ were classified 
aus either chronic or acute leukemia depending 
upon the entire picture, greater emphasis being 
placed upon hematologic findings as opposed to 
the duration of the disease when it was necessary 
to discriminate between the two 

Further subdivision into mvelogenous leukemiz 
and lymphatic leukemia was made predominantly 
upon the basis of the description of the hemato 
logic findings, especially of the bone marrow as 
pirate taken during life, although the vast ma 
jority of the marrow slides were no longer available 
for review. Other subdivisions, 
cell and acute monocytic leukemia, were therefore 
Although the specific 
be open 


such as acute stem 


of necessity listed in table 1 
sub-diagnosis in these few patients may 
to some question, it is believed that the over-all 
classification of the patients in this series is quite 
reliable 


As only autopsy cases were included in the 
study, interpretation of chest roentgenograms 


was facilitated by having the gross descriptions of 
the lungs as well as the microscopic sections avail 
able for complete correlation. Evaluation of the 
clinical records in terms of the cause of various 
pulmonary symptoms, however, was more difficult 
Critical review indicated that dyspnea, the symp 
tom in which there the interest, 
usually related to the anemia so often present in 
leukemic patients, rather than to specific pulmo 
nary pathology. Similarly, various 
pulmonary infection, from mild bronchitis to over 
with great fre 
commonly 


wits most Wis 


degrees of 


occurred 
and 


whelming pneumonis 


quency in these patients, Was 
manifested by 
sputum, and variable degrees of dyspnea 
usually accounted 


mild 


fever, cough, 
Like 
tor 


such sv Inptoms ws 


wise, thrombocy 


pulmonary hemorrhage, from degrees of 


streaking of the sputum to profuse hemoptysis 


The greatest difficulties encountered in the 
study were in the interpretation and evaluation 
of the histologic preparations. An attempt was 
made to establish fairly rigid criteria for the 


diagnosis of “leukemic infiltrate.’ Demonstration 
that cells 


patible with leukemic cells were located in extra 


was required morphologically com 
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vascular collections which were distinctly un 
related to areas of apparent response to infection. 
The requirement that the cells be extravascular 
was made because the writers believed that in 
tense congestion of the alveolar capillaries them 
selves with leukemic cells should not be considered 
is true infiltration of the lung, as the cellular de 
tail within the lumina of the body capillaries re 
fleets in large part the status of the peripheral 
blood ‘infiltration’ indicate 
involvement of the parenchyma of an organ. 
Unfortunately, as far as infection is concerned, 
the cellular response in the lung in leukemia is 
often quite atypical, apparently partially due to 
the inability of the leukemic marrow to respond 
outpouring of polymorpho 
nuclear leukocytes. This was found to be true in 
this series in all varieties of leukemia, and was 
especially frequent in instances of chronic myelog 


whereas seems to 


normally with an 


enous leukemia. Therefore, when lesions were 
located around small bronchi, and fibrinous ma 
terial, necrotic and granular debris, bacterial 


colonies, and the like were present in the alveolar 
spaces, a diagnosis of bronchopneumonia was 
made when the cellular constituents of the lesions 
per se might have suggested infiltration with 
leukemic cells rather than response to bacterial 
infection 

Pulmonary hemorrhage was noted occasionally 
in this series, associated with hemorrhages in other 
viscera and connective tissues. The hemorrhagic 
itreas in the lung contained leukocytes apparently 
proportionate to the number of leukocytes seen 
histologically within the larger pulmonary vessels 
in the sections. Occasionally, a sedimentation or 
settling-out of the leukocytes was noted, and this 
mimicked leukemic infiltration when it occurred 
within a hemorrhagic area. Lesions of this type 
were not considered to be leukemic infiltrates. 

When the larger pulmonary vessels were noted 
to be quite full of leukoeytes in relation to eryth 
rocytes, the pulmonary alveolar capillaries were 
often also quite cellular. As the alveolar-capillary 
membrane is ordinarily quite thin, a major diffi 
culty existed in the determination of whether or 
not the cells were intraluminal or extra 
luminal in location as, by the criteria of the study 
mentioned above, the former were not considered 
to be leukemic infiltrates. The difficulty was com 
pounded by the very 
ilveolar septa found in histologic preparations. 
This has a multiplicity of causes, including arte 
fuets associated with the opening of the thorax at 
autopsy; handling of the lung; and preparation 
of the sections, as well as in vivo factors including 


seen 


frequent compression. of 


compression of areas of lung by pleural disease or 
in elevated diaphragm; pulmonary 
intecedent pulmonary disease, such as localized 
of 


congestion; 


areas pulmonary fibrosis or contraction 


parenchyma due to organization ot previous in 
unequal pulmonary 


flammation; and possibly 
ventilation in different areas during life due to 
obstruetion of bronchioles by secretions. In areas 
of inflammation, alveolar 


chronic pulmonary 
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lining cells often enlarge and take on a cuboidal 
shape; occasionally, these cells then resemble ad 
jacent myeloid cells an attempt was 
made to be quite strict in the diagnosis of leukemic 
infiltration if compression or any other pathologic 
change of these types was found. 


In any case, 


OBSERVATIONS 
Findings 
\ total of 109 patients with leukemia were 
studied, 48 of whom had acute leukemia and 61 
some form of chronic leukemia (table 1). All of 
the patients with acute leukemia and all but 3 


? 


with chronic leukemia were males. The patients 


ages ranged from the third to the eighth decade; 
65 per cent of the patients with acute leukemia 
were less than forty years of age, whereas 77 per 
cent of the patients with chronic leukemia were 
more than forty; and most, in fact, were more 
than fifty years of age. Subdivision into types of 
acute and chronie leukemia is also given in 
table 1. The preponderant form of acute leukemia 
was myelogenous, with a few other cases listed 
As dis- 
cussed previously, the criteria for the latter two 


as lymphatic, stem cell, or monocytic 


subdivisions could not be critically reviewed. 
The chronic leukemias were more evenly divided 
between myelogenous and lymphatic forms, with 
a slightly greater incidence of the former. 


TABLE 1 


LeUKEMIC PULMONARY INVOLVEMENT 


Involvement 
of Clinical 
Significance 


Total 
Involvement 
Classification and 
Number of Cases 


Num- Per Num- Per 
ber Cent ber Cent 
Acute 
Myelogenous (34) 9 26 
Lymphatie (9) 3 3 I 11 
Stem (3) I 33 
Monocytie (2 2 LOO 
Total acute (48) 15 3 2 | 
Chronie 
Myelogenous (29) 3 
Lymphatie (23) 9 39 { 17 
Acute exacerbation 
Myelogenous (8) 25 12 
Lymphatie (1) 
Total chronic (61) 15 25 6 lf 
Total 109-30 27 8 7 
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PULMONARY 


Pulmonary Involvement 


It may be seen in table 1 that the incidence of 
leukemic involvement of the lung of all types in 
this study was 27 per cent. There was no signifi- 


cant difference in incidence of involvement 
between the patients with acute leukemia, all 
(31 cent), with 
leukemia, all types (25 per cent). Similarly, no 
true the 
number of patients in the various subgroups of 


In the patients with chronic 


types per and those chronic 


difference was noted among small] 


leukemia. 
leukemia, however, the incidence of pulmonary 


acute 


infiltration was significantly greater in those 
with the lymphatic form. 

It is also shown in table | that, although the to- 
tal incidence of leukemic pulmonary infiltration 
in this series was 27 per cent, the incidence of 
involvement of clinical significance, 
the 


signs, roentgenographic findings, and difficulties 


leukemic 
as manifested by presence of symptoms, 
in differential diagnosis, was much lower, only 
7 per cent of the entire series. Although the 
number of cases is small, it appears that clinically 
significant involvement occurs with greater 
frequency in chronic leukemia (10 per cent) as 
compared with the acute form (4 per cent). The 
difference between chronic myelogenous and 
chronic lymphatie leukemia may be even more 
striking. In the 9 patients with chronic lym- 
phatie leukemia and pulmonery infiltration, the 
involvement was of clinical significance in 4; and 
in all patients with chronic lymphatic leukemia 
the incidence of clinically important leukemic 
infiltration was 17 per cent. 

The schema in table 2 was devised and found 
to be practical in classifying the various types of 
leukemic infiltration of the lungs. The major 
anatomic division is into “parenchymal” and 
“nonparenchmyal” infiltration. ‘‘Nonparenchy- 
mal” infiltration refers to involvement primarily 
of the supporting and connecting structures of 
the lung, such as the bronchi, the blood vessels, 
the pleura, and their surrounding tissues. The 
term“pareneyhmal” infiltration is used refer 
to lesions which appear to involve predominantly 
the alveolar septa and alveolar spaces without 
regard to In the 
discussion which follows, the symbols in paren- 


thesis refer to the letters and numbers of the 


brouchovascular structures. 


classification in table 2. 
“Parenchymal” involvement: Diffuse interstitial 
parenchymal infiltration of considerable degree 
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TABLE 2 
CLASSIFICATION OF LEUKEMIC PULMONARY 
INVOLVEMENT AND INCIDENCE OF 
Various Types 
of Pa- donee 
tients 
pe 
cenit) 
A. Parenchymal 
1. Diffuse interstitial 
a. Major l 0.9 
b. Minor 3 2.7 
2. Nodular 
a. Major (gross) I 0.9 
b. Minor (microscopic) 2* | 1.8 
B. Nonparenchymal 
1. Bronchial and peribronchial 
a. Massive 
b. feeal 3.¢ 
2. Perivascular 
a. massive 
b. foeal 2 1.8 
3. Pleural and subpleural 
a. massive 
b. foeal 3.7 
4. Diffuse (combinations of types 
1, 2, 3) 
a. Massive 2 1.8 
b. foeal 6 5.5 
C. Pulmonary infarction 3ft | 2.7 


Totals 30*f, 27 
*One of these patients had massive pleural 
disease. 
7 One patient also had pleural infiltration. 


(table 2, Ala) was found in one case in this 
series. This is the patient with the syndrome of 
alveolar capillary block described in another 
report (1). 

Three instances were found in which diffuse 
interstitial parenchymal infiltration was present, 
but in which the infiltration was considered to be 
of minor extent (table 2, A1b). In all 3 cases the 
infiltration at first appeared to be extensive; 
however, further study revealed that all of the 
pulmonary — blood these patients, 
including the alveolar capillaries, were literally 
choked with leukemic cells. Under high magnifi- 
cation erythrocytes were interspersed with the 


vessels in 


carly leukocytes in all areas, so that most of the 
cellularity of the lung picture was intravascular. 
However, in many areas individual cells were 
distinctly noted to be outside the lumina of the 
capillaries as well as in alveolar spaces; for this 
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reason the involvement was classified as diffuse 
interstitial of minor degree (figure 1). 

One of the 3 patients in this group had chronic 
myelogenous leukemia, and the other 2 are the 2 
cases listed as acute monocytic leukemia. Neither 
patient with acute leukemia had symptoms or 
roentgenographic findings; however, the patient 
with chronie myelogenous leukemia had roent 
genographic evidence of diffuse bilateral reticular 
pulmonary infiltration without specific sympto 


death. These 


prior to 


matology one month 
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roentgenographic findings regressed considerably 
thereafter on no specific therapy. It is thus 
conceivable that transient leukemic infiltration 
resulted in the earlier roentgenographic appear- 
ance, and that the residuals were noted in the 
histologic material. 

Seattered — true 
leukemic infiltration were found in 3. patients 
(table 2, (2), none of whom had pulmonary 
symptoms. In one, the nodules in the lungs were 
seen grossly at the time of autopsy and were 


nodules of parenchymal 


Diffuse interstitial infiltration, minor degree. 


Note vessel in center of field. (X98) 
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described as multiple, firm, white foci, 2.0 to 3.0 
cm. in size. Unfortunately, the roentgenogram of 
this patient was not available for review. Micro- 
scopically, the lesions consisted of densely packed 
lvmphocytie cells which in areas were diffusely 
infiltrating the surrounding lung, but elsewhere 
were more sharply demarcated from the lung 
and were compressing it (figure 2). No alveolar 
the but 
bronchial cartilage 


structures were seen within lesions, 


remnants of degenerating 
and vascular and lymphatic spaces were identi 
fied (figure 2). It is thus possible that the lesions 
irose from the peribronchial connective tissues 
and extended into the lung from these areas. 

In the other 2 patients, the nodules were noted 
only microscopically. In a patient with chronic 
myelogenous leukemia they consisted of small, 
quite well-circumscribed groups of myeloid 
cells, with some local collection of erythrocytes, 
located within both alveolar walls and spaces. 
The last patient had chronic lymphatic leukemia 
and small 


with massive pleurai involvement, 


microscopic collections of lymphocytes were 


found scattered throughout the lungs. The lungs 
were normal in the chest roentgenograms of 
both patients. 
*“Nonparenchymal” involvement: Involvement 
limited to tissucs 
occurred in 4 patients (table 2, B1). Although 


usually the cells were located external to the 


bronchi and peribronchial 


cartilage in the peribronchial! tissues, occasionally 
the infiltration involved the entire thickness of 
the 
submucosa. Both large and small bronchi were 


bronchial wall, including the mucosa and 
involved, the latter more frequently. In all 4 
scattered 
involved, and in no patient was the total extent 


patients, only few bronchi were 
of infiltration considerable. None of the patients 
had symptoms or findings referable to the leu- 
kemice infiltration. 

In 2 


were exclusively involved (table 2, B2), but in 


patients, perivascular connective tissues 


neither instance was the infiltration generalized 
or of major degree, nor were related clinical or 
roentgenographie findings present. - 

The commonest area of lung in which leukemic 
infiltration oceurred in this series was the pleura 
and subpleural tissue. \ total of 16 patients, an 
incidence of 15 per cent, was found, and in 6 of 
these the involvement was of considerable extent. 
In half of the total group the leukemia in the 


lung was limited to the pleura (table 2, B3), and in 
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the other half pleural infiltration was associated 
with other areas of infiltration in the perivascular 
B4). In 2 
patients the degree of diffuse nonparenchymal 


and peribronchial tissues (table 2, 


involvement was of considerable extent (table 2, 
B4a), but neither had related clinical or roent 
genographic findings. The same was true of 6 
patients in whom the diffuse nonparenchymal 
infiltration was of minor degree (table 2, B4d), 
and occurred in scattered foci, and of 3 of the 4 
patients in whom isolated pleural involvement 
of minor degree (table 2, B3b) was found. The 
fourth patient had pleural 
effusion associated with his chronic myelogenous 


recurrent bloody 
leukemia, and at autopsy areas of pulmonary 
infarction were found that were probably etio- 
logically more important than the few subpleural 
focal collections of leukemic cells that were also 
noted. 

In 4 patients the leukemic involvement was 
predominantly localized to the pleura and was of 
major degree (table 2, B3a). A patient with an 
acute exacerbation of chronic myelogenous 
leukemia had a moderately large pleural roent- 
genographic shadow that did not change in size 
for the three months prior to his death. At 
autopsy a pleural effusion and a greatly thickened 
pleura were found, which microscopically showed 
marked this 
diffuse infiltration with leukemic cells. In areas 
infiltrated. It is 
possible in this patient, as in others of this type, 


fibrosis and, underlying zone, 


the subjacent lung was also 
that a specific or nonspecific pleural inflammation 
had resulted in scarring and that the leukemic 
cells later involved the area, rather than being 
responsible for the pleurisy; however, there is no 
evidence for this viewpoint. The other 3 patients 
with major involvement limited to the pleura 
all had chronic Ivmphatic leukemia. In 2 the 
the leukemic involve- 
ment was the presence of progressive unilateral 
The 
histologic picture was variable, areas of infil 
tration of leukemic cells alternating with acellular 


clinical manifestation of 


pleural effusion, bloody in one instance. 


fibrosis in one patient, and multiple areas of 
the other. The 


third patient presented clinically with massive 


massive nodular infiltration in 


pleural disease and effusion, and the pleural 
the 
\t autopsy the pleura was 


manifestations dominated entire clinical 


picture (figure 3). 
tremendously thickened by leukemic infiltration 
microscopically (figure 5) 


(figure 4), which 
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Fic. 3. Chest 
adenopathy 


roentgenogram, postero-anterior 


extended into all of the interlobular septa. This 
patient also had scattered foci of nodular paren 


chymal infiltration. 


Pulmonary Infarction 


One other type of pulmonary disease, namely 
pulmonary infarction (table 2, C), unrelated to 
the presence of cardiac disease or known periph- 
eral thrombotic phenomena, was found on three 
oceasions in this series. One patient with chronic 
myelogenous leukemia, mentioned above, had 
multiple small areas of infarction associated with 
a Sanguineous pleural effusion; one patient with 
acute myelogenous leukemia developed a basilar 
infiltrate shortly before death which was diag- 
nosed as bronchopneumonia but which proved to 
be an infarction surrounded by infiltration with 
leukemic cells at autopsy; and one patient with 
acute myelogenous leukemia had a large area of 
infarction with no apparent clinical manifesta 


tions. 
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view. Left pleural effusion, hilar and mediastinal 


Clinical Analysis 


It is of considerable importance to the clinician 
to realize that the manifestations of leukemia in | 
the lung and pleura can be of clinical significance 
in a certain percentage of cases. In tables 3 and * 
4 the entire group is presented more from the 
clinical than from the pathologic standpoint. 
Pulmonary infiltration which appeared during 
the course of the illness was analyzed to see how 
often leukemia was responsible for the findings, 
and the results are charted in table 3; the in- 
stances of pleural disease and effusion are treated 
The infiltrates in these 
patients diffuse bilateral, 
although occasional instances of more localized 
Ordinarily, the 


similarly in table 4. 


were usually and 


disease occurred in one lung. 


pulmonary findings developed toward the end of 
the course of the leukemia and, in all eases, were? 
present at the time of death. The pleural effusions, 
on the other hand, were more often unilateral 
bilateral, more often the effusions 
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Fic. 4. Hemisection of left lung at autopsy. Note massive pleural thickening, 


Fic. 5. Dense pleural infiltration. (27) 
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TABLE 3 
or ROENTGENOGRAPHIC PULMONARY 
INFILTRATION 
21 Patients 

Leukemin 2 

Infection 10 
Bronchopneumonia 
Abscesses 3 
Tuberculosis l 
Fungal infection 2 

Other 9 
Hemorrhage l 
Congestion and edema 3 
Infarction 
Fibrosis 2 

Idiopathic interstitial l 
Silicotic nodules l 
Normal 2 
toentgenographie technique 
Pleural disease l 
21 
TABLE 4 
oF CLINICALLY DIAGNosED 
PLEURAL DiskASE AND EFrruston 
11 Patients) 

Leukemia 5 
Infiltration 
Massive intrathoracic lymphadenopathy 

without pleural infiltration l 

Infections 
Bronchopneumonis 
Tuberculosis 3 

Other 2 
Infaretion 
Heart failure l 


developed earlier than in the pre-terminal phase, 
although they were still present at the time of 
autopsy. The major criterion for the inclusion of 
a patient mn these tables, in the case of both the 
pleural disease and parenchymal disease groups, 
was the fact that the clinieal record indicated that 
leukemic infiltration had 
sidered by the clinical staff or the radiologists in 
the differential diagnosis of the findings during 


been seriously con 


life 

Pulmonary infiltration of this type was noted 
in 21 12 of whom had acute leukemia, 
ind 9 leukemia. 4 


In only 2 
were the findings due to actual leukemic involve 


patients, 


chronic instances 


ment. Most often infection was responsible (48 


per ; this was of various types, usually due 


cent 
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to pyogenic organisms. Congestion and edema 
due to heart failure were also relatively frequent. 
\ number of other pathologic findings, such as 
diffuse 
oceasion, as noted in table 3. 


pulmonary hemorrhage, oceurred on 


Eleven patients developed pleural clisease 
with effusion that presented a diagnostic problem. 
Only one patient in this group had acute leu- 
kemia. Unlike the parenchymal disease group, 
in which leukemia was uncommon as a cause of 
‘he findings, leukemic involvement of the pleura 
was the cause of the effusion in almost half the 
Infections, especially tuberculosis, were 


cases, 


also frequent, as noted in table 4. 


DiIscUSSION 


\n analysis of the data demonstrates that 
of the lungs not 
found at necropsy, oceurring in 


Is 


un- 


leukemic involvement 
commonly 
per cent of the patients in the present series. 
This is at variance with the opinion generally 
held by most clinicians and radiologists (2, 3), 
although it was possible to find only a few pre- 
vious studies of this subject in the literature. 
Vieta and Craver (4) reported 31 autopsied cases 
of lymphatic leukemia, of whom 19 per eent had 
parenchymal pulmonary involvement, whereas, 
of 23 autopsied cases of myelogenous leukemia, 
the parenchyma was involved in 13° per cent. 
Faleoner and Leonard (5), in a study limited to 
lymphatie leukemia, reported an incidence of 
parenchymal involvement of 30 per cent. Nathan 
and Sanders (6) reviewed 59 autopsied cases of 
all types of acute leukemia and noted an incidence 
of 23 per cent. 

In these studies the criteria 
leukemic pulmonary involvement are either not 


for diagnosis of 


discussed, or differ from criteria in the present 
report; however, although the number of cases 
each is small, it is of interest that the inci 
leukemic pulmonary 


approximately the same. However, in a recently 


in 
dence of 
reported study, Cattaneo and Vercillo (7) noted 
an incidence of pleural or bronchopulmonary 
involvement in leukemia of 4 per cent (11 of 275 
cases). Other etiologies of pulmonary abnorma! 
such as pneumonia, hemorrhage, and con 
their 


ity, 


gestion, were carefully exciuded from 


tables. Of the eleven patients, four had acute 
leukemia, six chronic lymphatie leukemia, and 


one chronie myelogenous leukemia. They believe | 


that the apparent approximate incidence of 25 


involvement. is 
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per cent reported in the other studies referred to 
above is probably not accurate because of the 
small number of cases in each series, the lack of 
uniform criteria among various writers, and the 
small incidence from their own carefully studied 
Yet 


available only in a small percentage of their cases, 


group. complete autopsy reports were 
and ten of their eleven patients with leukemic 
involvement were discovered by roentgenographic 
examination. It may be that more complete 
histologic study would have revealed an incidence 
higher than 4 per cent; their figure more closely 
approximates that in the present study—7 per 
ent of infiltrates of clinical significance. A figure 
of 25 per cent may, therefore, approximate the 
true incidence of leukemic infiltration of the lung. 

In the present study, no significant difference 
in incidence of pulmonary involvement between 
chronie and acute leukemia was found (see table 
1). Likewise, no significant difference among the 
various subgroups of acute leukemia was noted. 
\lthough the 2 


cute monocytic 


patients diagnosed as having 

leukemia both had _ diffuse 
interstitial involvement, albeit of minor degree, 
it is believed that no conclusion can be drawn 
this 
because of the small number of cases, but also 


egarding apparent association not only 


because the criteria for differentiation of acute 
monocytic from acute myelomonocytic and from 
acute myelogenous leukemia differed among the 
various hematologists who studicd these patients 
ver the vears. It is of interest in this regard, 
however, that the only type of leukemia described 
by Liebow (8) as involving the lung is the acute 
monocytic form. The other studies referred to 
above note no difference in incidence among the 
subgroups of acute leukemia. 

In contrast to this similarity, a distinet differ 
leukemia. The 


incidence was 39 per cent in chronic lymphatic 


ence was apparent chronic 
leukemia and 14 per cent in chronic myelogenous 
leukemia, which is a slightly greater difference in 
the same direction than Vieta and Craver (4) 
found in their autopsy series (19 and 13 per cent, 
respectively). 
The various sites of pulmonary infiltration 

peribronchial, perivascular, pleural, inter 
known The 


most 


stitial—are well to pathologists. 


pleural and subpleural localization was 


common in this series. This is in contrast to 


Nathan and Sanders’ report (6), in which in 


filtration of the alveolar septa was most common. 


rhe difference may be ascribed to the rigid 
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exclusion by the present writers of cases in which 
compression of lung simulated infiltration and of 
those in the “infiltration” of leukemic 
cells was only intravascular. It may be that this 
actually does leukemic 
“infiltration” but, in the cases in which this type 


which 


represent a form of 
of apparent “involvement” was extreme, neither 
the 


suggested 


roentgenographic clinical evidence 


that 


nor 
any major pulmonary disease 
existed. 

Previous studies of the lung in leukemia did 
not attempt to correlate the clinical, roentgeno- 
graphic, and pathologic data. Kirklin and Hefke 
(9) reported a series of leukemic patients, four 
of whom had definite roentgenographie evidence 
of pulmonary infiltration. In one case, the in- 
filtration resembled an abscess and disappeared 
following irradiation. This was considered proof 
of the leukemic nature of the pulmonary in- 
volvement. In the other 3 cases, no statement is 
made of whether pathologic examination was 
later performed, or if substantiation of the roent- 
genographie diagnosis was obtained. Vieta and 
Craver (4) reported a large group of patients 
with leukemia in whom roentgenographie ab- 
normalities occurred. Twenty-seven per cent of 
the patients with Ivmphatic leukemia demon 
strated pulmonary infiltration, whereas infiltrates 
were present in 7.5 per cent of the patients with 
myelogenous leukemia. These findings, however, 
were not correlated with the autopsy material 
presented in the same paper. 


It is striking in this connection that the 
roentgenographic incidence of pulmonary infil 


trations (27 per cent) in lymphatic leukemia is 
higher than the autopsy incidence (19 per cent); 
whereas with myelogenous leukemia, the reverse 
is true, only 7.5 per cent showing roentgeno- 
graphic abnormalities, while 13 per cent were 
involved at autopsy, thus illustrating the need for 
correlation in each case. In only oné of the nine 
patients described by Falconer and Leonard (5) 
as having pulmonary infiltrations at autopsy 
did the roentgenogram indicate an abnormality; 
and Nathan and Sanders (6) noted no roentgeno- 
graphic involvement which could be attributed 
to leukemia in their 59 autopsied cases, 14 of 
which were cases with infiltration. They com 
mented that this might be expected in view of the 
microscopic size of the lesions. Cattaneo and 
Vercillo’s (7) patients with pulmonary involve 
ment were discovered chiefly by roentgenographic 
and clinieal and mani 


examination, autops\ 
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festations in the same patients were not de- 
scribed; finally, Mazzei Masnatta (10) 
recently described four cases of acute leukemia 


and 


in which clinical and roentgenographic abnor- 
malities were attributed to the leukemia without 
autopsy confirmation of the specific findings. 

The present writers are convinced from their 
own study, as well as from those reviewed above, 
that it is essential to correlate the roentgeno- 
graphic abnormality with the autopsy findings 
in each patient with leukemia who develops 
abnormal pulmonary shadows. It is then possible 
to distinguish between leukemic involvement of 
clinical significance and that limited to histologic 
abnormality, a determination of great importance 
to the clinician and, to our knowledge, one not 
alluded to in the literature. When 
this was done in the present study, it was found 
that, although the total incidence of infiltration 
the 


significance was 7 per cent. There was a slight 


previously 


was 27 per cent, involvement of clinical 


difference between acute and chronic leukemia 
in this respect, the figures being 4 and 10 per cent, 
respectively. However, the total number of cases 
too small to be 
Perhaps more significance can be attached to the 


was sure of this distinetion. 


difference between chronic lymphatic leukemia, 


on the hand, and chronic myelogenous 


leukemia as well as all other forms, on the other: 
17 per cent of the patients with chronic lymphatic 


one 


leukemia had pulmonary involvement of clinical 
and roentgenographic significance and as, in 
addition, the problem of differential diagnosis of 
pleural effusion occurred predominantly in these 
that leukemic pulmonary 
a common and clinically 


clear 
both 
significant manifestation of chronic lymphatic 
leukemia. 

In the present study, when diffuse pulmonary 
the 
infiltrations 


patients, it is 


involvement. is 


infiltrations appeared during course of 
leukemia, leukemic 


responsible in less than 10 per cent of the in- 


per se were 


stances (table 3). The largest single cause was 
infection of various types; and the importance of 
nonspecific pulmonary infection should be 
emphasized, as one-third of the patients with 
diffuse had 

areas ol 


formation at the time of death. The infections 


infiltrations broncho- 


without 


pulmonary 
abscess 


with or 


were often overwhelming and were frequently 
the immediate cause of death in these patients. 


In addition, these infections did not respond to 
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antimicrobial therapy in the usual manner, thus 
adding further to the difficulty in the differential 
diagnosis between leukemia and infection. ‘For 
example, the roentgenogram in figure 6 is that 
of a 60-year-old man with chronic lymphatic 
leukemia who had been on prolonged adrenal 
corticosteroid He what 
appeared clinically to be overwhelming diffuse 


therapy. developed 
pulmonary infection which, however, failed to 
respond to antimicrobial therapy, so that the 
possibility of leukemic infiltration was raised. At 
autopsy the sections revealed multiple areas of 
pneumonia and abscess formation with meager 
cellular response and some organization of the 
inflammatory exudate. It should be emphasized 
that the reverse situation also occurred; that is, 
that in one patient in this series diffuse pulmonary 
infiltrations which showed considerable spon- 
taneous resolution at autopsy were due to a minor 
diffuse leukemic No 


evidence of infeetion was found. It is probable 


degree of involvement. 
that the roentgenographic abnormality was due 
to leukemia which had partially resolved spon- 
taneously. Nathan and Sanders (6) were of the 
opinion that the 
alveolar-capillary block in their patient with 
acute leukemia was probably leukemic infiltration 


pulmonary lesion causing 


because of the favorable response to amethop- 
terin, although there was no_ histologic proof. 
This was probably correct but, in general, the 
disappearance of roentgenographic shadows may 
not be related to any specific therapy, nor does 
the failure of resolution of any specific pulmonary 
shadow imply anything with respect to its 
etiology. 

When pleural disease was found by roentgeno- 
gram (table 4), leukemia was a frequent (45 per 
cent) cause, unlike the situation in the parenchy- 
mal infiltration group. However, the frequency of 
infection is also noteworthy, as this was the 
cause of the pleurisy in 4 of the 11 patients with 
pleural disease. Again, in contrast to the pa 
renchymal disease group in which pyogenic 
infection was much more frequent than tuber- 
culosis or fungal disease, the cause of the pleural 
disease in 3 of the 4 patients with infection was 
tuberculosis. This had 
life in one of the patients, but had not been 
suspected in the other 2. Two of these patients 
had chronie lymphatic leukemia; the third, th 
chronic myelogenous form. It is thus apparent 
that, when pleural effusion develops during the 


been diagnosed during 
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Chest 


Fia. 6. 
pheumonia. 


roentgenogram, 


course of chronic leukemia, especially the lym- 
phatie variety, the clinician must be alert to the 
possibility of a tuberculous etiology and_ in- 
stitute appropriate diagnostic measures before 
the diagnosis of the other frequent cause of 
pleural effusion, leukemia itself, is assumed. 
The first years encompassed by the present 
study (1946-1950) were prior to the period in 
which adrenal steroid therapy and the newer 
had entered into 
common use in the management of patients with 
leukemia. It is thus possible that the frequeney 
of pyogenic infections will decrease and_ the 
frequency of tuberculosis and fungal 


antimicrobial preparations 


infections 
will increase in future years, as has already been 
reported by Zimmerman (11). 

The that 
obstruction by masses of 


vascular 
cells 


cause parenchymal changes is discussed in the 


possibility pulmonary 


leukemic can 
literature. Fiessinger and Fauvet (12) reported a 
ease of chronic myelogenous leukemia in which 


the presence of rales and many small round 
cavities noted roentgenographically suggested 


widespread pulmonary involvement. Autopsy 
revealed that the small pulmonary vessels were 
full of leukemic cells and that the adjacent lung 
contained nodular aggregates of leukemic cells 
with central areas of liquefaction that they 
attributed to proteolytic enzymes liberated by 


antero-posterior view. Diffuse bilateral infiltration due to broncho- 


these cells. Except for lesions which were inter- 
preted as lung abscesses, no similar parenchymal 
lesions were noted in the present series; however, 
small pulmonary vessels choked with leukemic 
cells were an extremely common finding and could 
not be correlated with other 
abnormalities of infectious, 
infiltrative nature. 


parenchymal 
an infarctive, or 

Joachim and Loewe (13) described a patient 
with diffuse migrating pulmonary infiltrations 
suggestive of pulmonary infarctions who at 
autopsy proved to have atypical acute myeloid 
leukemia. The pulmonary lesions at autopsy 
were nodular, but, nevertheless, histologically 
were suggestive of organized pulmonary infare- 
tions. The writers attributed these infarctions 
to occlusion of pulmonary blood vessels by 
myeloid cells. No similar clinical case was present 
in the present series; but pulmonary infarctions 
were noted in 3 patients. In none of these 3 was 
cardiac disease or peripheral venous thrombosis 
known to be present. In one of these patients 
the infaret was surrounded by infiltration with 
leukemie cells, apparently resembling the pathol- 
ogy described by Joachim and (13), 
although in an earlier stage. No definite vascular 
occlusions could be identified in 2 


Li ewe 


patients. The 
third patient had no clinical manifestations to 
suggest infarction, although a large infarcted 
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area of the lung was found at autopsy. The 
blood vessels in this patient were full of typical 
which contained large 


unte-mortem thrombi 


numbers of leukemic cells. It is impossible on 
histologic grounds to decide whether this lesion 
represents an embolus or a thrombosis in situ. 
It was also not possible to distinguish between a 
perfectly ordinary thrombus in which leukeinic 
cells have been trapped and a thrombus due to 
the presence ol leukemic cells. However, as blood 
vessels full of leukemic cells without associated 
thrombi were seen so frequently in this series, 
the present writers believe that the thrombosis 
likely unrelated to the leukemic cells 
n the vessels. Therefore, they have been unable 
the 
abnormalities due to simple occlusion of pul 
leukemic cells—the so-called 


in this series. 


Was most 


to substantiate presenee of pulmonary 


monary vessels by 


“tumor thrombi” of other writers 


SUMMARY 


Microscopic infiltration of the lung and pleura 
hy leukemic cells was found in 27 per cent of a 
109 leukemia 


The infiltration was of clinical signifi 


series ol cases ol examined at 
cance in 7 per cent of the cases. Various aspects 
of the differential diagnosis of pulmonary infil 
tration and pleural effusion in leukemic patients 


are LISS¢ 


SUMARIO 


Invasion Pulmonea en la Leucemia 


Se observe infiliracién microseépica del pulmoén 
vy de la pleura por células leucémiecas en 27 por 


ciento de una serie de 109 easos de leucemina 


examinados en la autopsia. La infiltracién poseia 
cliniea en 7 por ciento dle los 
Disetitense varios aspectos del diagnéstico diferen 
derrame 


cial de la infiltracién pulmonar v del 


pleural en los leueémicos 


ResuMi 


Clon plication putmonatre dans la leucémie 


Une 
de la plévre par des cellules leucémiques a été 
de 109 ex 


Cette infiltration s ‘était 


infiltration microscopique du poumon et 


trouveée dans 27° de leucémie examinés 


Vautopsie manifestée 
cliniquement dans 76, de ces ens. Les différents 


ispeets du dingnostic différentiel de Vinfiltration 


AND 


NICHOLS 


pulmonaire et de l’épanchement pleural chez des 
malades atteints de leucémie sont discutés. 
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INTRODUCTION 
The antituberculous drugs, para-:minosalicy lic 
acid (PAS) and isoniazid, 
anti-thyroid effect. A 
hypothyroidism due to PAS were reported by 


are known to have an 
few cases of goiter and 
1), Clausen and Kjerulf 
(4), 
Coates 


Angel and asso 


Bergquist and de Mare ( 
Davies 


(6), 


Jensen (2), Komrower (3), Librach 
and Galbraith (5), 


and Maegregor and Somner (7). 


Brinkman and 
ciates (8S) reported the effect of certain antituber 
the 
surviving thyroid tissue slices in culture media. 
had a 


had a 


culous drugs upon iodine metabolism of 


strong anti 
definite 
anti-thyroid action. Streptomycin and dihydro 


Para-aminosalicvlic acid 


thyroid action. Isoniazid also 
streptomycin had no anti-thyroid effect. Beattie 
Chambers (9) demonstrated that the ad 
of PAS to albino for fifteen 


weeks resulted in reactive hyperplasia of the 


andl 
ministration rats 
thvroid gland and an increase of the I uptake. 
of 
treated for twenty-four weeks showed evidence of 
The | uptake fell to 
The gland structure of these rats reverted 


thyroid gland structure albino rats 


“exhaustion.”’ control] 
levels. 
to normal after PAS had been discontinued for 
two weeks 

The present study was undertaken to deter 
mine the extent of alteration of thyroid function 
among patients who had been taking daily 12 gm. 
of PAS and 150 to 300 mg 


months or more, 


of isoniazid for six 


\leruops 


Patients at two hospitals were studied: at The 
City of Hope Medical Center, Duarte, California; 
nd the Administration Hospital, San 
Fernando, California 


Veterans 


From the Department of Medicine, University 
f California School of Medicine, Angeles, 
California 


Los 


Supported by a grant from the Los Angeles 
Association 
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iodine and cholesterol 
determinations were performed at the Thyroid 
tesearch Laboratory of the University of Southern 
California Medical School. The I thyroid uptake 
studies were performed twenty-four-hours after 
the ingestion of 10 me. of radioactive iodine. The 
normal range of serum-protein-bound iodine is 
fto8 y per 100 ml.: blood cholesterol, 130 to 250 
mg. per 100 ml.; twenty-four-hour [I thyroid 
uptake, 15 to 40 per cent 

The data of control and treated patients at 
for two 


Serum-protein-bound 


each hospital are tabulated separately 


reasons: (1) At the Veterans Administration 
Hospital, the PAS had been administered as 
liquid or tablet sodium PAS. Caleium PAS 


granules were prescribed for patients who could 
not tolerate the liquid or tablet PAS. The out 
patient groups at the Veterans Hospital had been 
with coated calcium PAS granules 
At the City of Hope Medical Center, 
sodium PAS tablets were almost uniformly pro 
vided and calcium PAS granules, rarely. (2) The 
I'*t uptakes were taken with the different scintilla 
tion counters available at each hospital 


provided 
exclusively. 


ReSULTS 


No patients with myxedema or goiter were 
discovered at either hospital. 

\t the City of Hope, I uptake of the control 
subjects, i.c., 6 newly admitted patients not on 
23.9 their 


protein-bound iodine averaged 5.6 y per 100 ml., 


drugs, averaged per cent; serum- 


ranging between 4.8 and 6 y per 100 ml.; their 
per 100 ml. 
and 330 mg. per 100 ml. 


serum cholesterol averaged 254 me. 
995 


ranging between 225 
(table 1). Among a group of 13 men and women 
who had been receiving PAS and isoniazid for 
more than six months, the I" uptakes averaged 
73.2 per cent when performed three days after 
PAS was discontinued. When repeated after an 
interval of three months without the withdrawal 
of PAS, they averaged 48.8 per cent. The serum 
protein-bound iodine of the 13 treated patients 
averaged 5.4 y per 100 ml., ranging between 4.0 
and 8.9 y per 100 ml.; the serum cholesctrol 


averaged 274.6 mg. per 100 ml., ranging between 


170 and 350 mg. per 100 mil. (table 2). 
\t the San Fernando Veterans Hospital, 98 
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TABLE 1 


Srupres ON Patients Wuo Hap Not 
Hap CHEMOTHERAPY AT THE CITY 
or Hore Mepicat CEenrer, 
DUART! 
ike on | lodine 
M.Q 20.0) 5.8 330 
L.A 25.0 6.0 225 
Ls 13.1 5.1 240 
DM 24.1 6.0 240 
25.3 5.8 250 
27.0 1.8 235 
Average 23.9 5.6 254 


natients were studied. Twenty-six of these were 


control subjects, i.e., patients not yet receiving 
the drugs; 37 were inpatients and 35, outpatients. 
I:xcept for the control subjects, the patients had 
received PAS and isoniazid for at least six months 
(table 3). 

rhe control subjects varied in age from twenty- 
seven to eighty years, averaging fifty years. The 
percentage of ['*' uptake varied between 3.4 and 
16.8 The 
serum-protein-bound iodine averaged 6.1 y per 
100 ml. with a variation between 2.6 and 8.4 ¥ 
per 100 ml. Except for one control subject with a 


35.1 per cent, averaging per cent. 


protein-bound-iodine value equal to 2.6 y per 100 
ml., the 
equalled 4.5 y per 100 ml. The serum cholesterol 


lowest protein-bound-iodine value 
averaged 307 mg. per 100 ml. and ranged between 


185 and 400 mg. per 100 ml. 


AND STARR 


The treated patients have been divided into 
inpatient and outpatient groups. These groups 
were further subdivided according to the number 
of months during which they had received PAS 
and isoniazid: Group I consisted of the control 
subjects. The members of Group 17 had received 
medication from six to twenty-four months. The 
members of Group IIT had been treated for 
twenty-five to thirty-six months, and in Group 
TV medication had been given for thirty-seven 
to forty-eight months; in Group V, for forty-nine 
months or more. The results of the I'' uptake, 


TABLE 2 


Srupies ON Patients Wuo Hap BEEN 


TABLE 3 


Srupres oN Patients Hab BEEN on Isontazip-PAS Six Montus or More 
ADMINISTRATION HospPITAL, 


ON Isonrazip-PAS Montus or 
More at tHe City or Hore 
Mepicat Center, DUARTE 

Per Cent Per Cent Protein 
Patient Uptake Uptake bound nee 

on PAS off PAS lodine 
C.J 42.4 71.4 8.9 250 
H.M. 50.6 80.0 $.1 290 
JK. 83.5 102.8 6.1 240 
R.R. $2.0 16.0 6.1 285 
R.B 59.3 84.3 1.7 170 
M.C. 39.7 77.9 5.0 230 
py 15.6 61.8 5.7 350 
O.M. 16.5 65.4 1.9 290 
A..F. 3.0 79.0 1.7 280 
J.H 50.0 90.8 4.0 310 
50.4 72.4 1.8 295 
JL 10.7 53.0 6.5 290 
M.1 11.3 66.6 $.8 290 

Average 18.8 73.2 5.4 274.6 
THE U.S. VETERANS 


San FerRNANDO, CALIFORNIA 


Tabulated Summary 


Grou Months on Drugs Average Age 
l No isonia Inpatients 50 (26 
zid-PAS 
2 6 to 24 Inpatients 7 (14) 
Outpatients 39 (5) 
3 25 to 36 Inpatients W (7) 
Outpatients 37 (10) 
37 to 48 Inpatients 50 (7) 
Outpatients 13 (13) 
5 19 and more Inpatients 52 (7) 
Outpatients 11 (7) 


Number included in average 


Average Per Average Protein-| Average Inor- Average 

Cent I Uptake bound Iodine ganic Iodine Cholesterol 

16.8 (26) 6.1 (24 5 (24 307 (24) 
17.2 (14) $.3 (11) » (14 259 (14 
27.3 (3) 7.3 (5) 5 (5) 227 (14 
18.1 (9) 1.6 (9) 1 (9) 271 (5) 
33.3 (2) 7.0 (10) $ (10) 295 (9) 
15.9 (7) 5.0 (7) 5 (7) 300 (6) 

33.1 (6) 6.3 (13) tf (13) 277 (10) 
19.1 (7 4.9 (7) + (6) 262 (6 
6.5 (7) 1 (7 281 (5 
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EFFECT OF PAS ON 
the protein-bound-iodine, and cholesterol deter- 
minations are tabulated in table 3. 

The I" uptake averages among all of the in- 
patient groups approximated the average I! 
uptake of the control subjects; whereas the 
average I'*' uptake of the treated groups of out- 
patients was a high normal, or almost twice the 
average uptake of the control groups. 

A very significant finding is the consistently 
low normal average protein-bound-iodine values 
in all inpatients, compared with the average 
protein-bound-iodine values of the outpatients. 
However, examination of individual patients re- 
vealed that, among the inpatients, there were 12 
of 34 whose protein-bound-iodine concentrations 
were less than 4 y per 100 ml. Of these, 6 patients 
were in Group II, 3 patients in Group IIT, one 
patient in Group IV, and 2 patients in Group V. 


DiscussION 


The thyroid iodine “trap” is that capacity of 
the thyroid gland to combine with inorganic 
iodine. This capacity is increased in hyperthy 
roidism and by those factors which disturb the 
balance of the thyroid-pituitary axis. Anterior 
pituitary thyrotropic hormone or thyroid-stimu- 
lating hormone levels are balanced by levels of 
circulating thyroxine. A tendency for a reduction 
in thyroxine production causes an increase in 
thyroid-stimulating hormone production with 
increased stimulation of the thyroid gland. Under 
normal circumstances morganic iodine is rapidly 
converted to organic iodine by the thy roid. The 
blocking of this action by thiourea, mercapto 
imidazole, and aminophenol compounds results 
in reduction of the thyroid hormone blood levels. 
The increased thyroid-stimulating hormone re 
sponse stimulates increased metabolic activity 
and hyperplasia of the thyroid gland. Although 
thyroxine production may be effectively blocked, 
the ability to concentrate inorganic iodine re 
mains unimpaired or may be enhanced. 

The anti-thyroid effect of 
probably due predominantly to the PAS, which 


isoniazid-PAS is 


has a direct anti-thyroid effect only slightly less 
than thiouracil. There have been no reports of 
isoniazid’s being goitrogenic in animals or hu 
mans, although an anti-thyroid effect has been 
demonstrated in rat thyroid tissue slices in cul 
ture media, 

The high I" uptake of the patients of the City 
of Hope Medical Center to whom isoniazid-PAS 
had been preseribed for six months or more 


THYROID FUNCTION 847 
suggests that the iodide trap had been expanded. 
Further enhancement of iodide trapping was 
demonstrated when the I'** uptake was repeated 
after the PAS had been discontinued for three 
days. The blocking action of PAS (and isoniazid) 
on the iodide-trapping mechanism probably pro- 
voked thyroid-stimulating hormone 
production, increased thyroid stimulation, and 
As the serum- 
protein-bound iodine of the treated patients and 
controls was essentially the same, 5.4 y per 100 
ml. and 5.6 y per 100 ml., thyroxine production 
had been unaffected by the treatment with PAS 
(and isoniazid) at the City of Hope Medical 
Center. 

Similar results were obtained among the out- 


increased 


expansion of the iodide trap. 


patients at the San Fernando Veterans Adminis- 
tration Hospital. While the patients were re- 
ceiving PAS (and isoniazid), the I'* uptakes 
were considerablv higher than those of the eon- 
trol subjects, whereas serum-protein-bound iodine 
concentrations approximated the control values. 
The I uptakes among the inpatients approxi- 
mated the control values, but the serum-protein- 
bound iodine concentrations were significantly 
lower than in the controls in each of the four 
groups. Apparently, prolonged administration of 
isoniazid-PAS and probably higher peak concen- 
trations had resulted in impairment of thyroxine 
production and of the compensatory mechanism 
which had expanded the thyroid iodide trap of the 
other series of patients. 

The marked effect of PAS on the thyroidal 
uptake of I among the treated patients at the 
City of Hope end the outpatients at the San 
Fernando Veterans Hospital may be compared 
with the elevation in the average I™ uptake 
among the albino rats to which PAS had been 
administered for fifteen weeks by Beattie and 
Chambers (9). 

The average [' uptake of the groups of in- 
patients at the San Fernando Veterans Hospital 
approximated the control average, as did the 
average of I! uptake of the albino rats to which 
PAS had Beattie 


Chambers for twenty-four weeks. 


been administered by and 

The discrepancy in the averages of I'*' uptakes 
of the inpatients at the Veterans Hospital com- 
pared with those of the other groups of patients 
may be due to a variation in peak concentrations 
of PAS. Sodium PAS is administered to the in- 
patients at the Veterans Hospital in liquid or 
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tablet under close surveillance, whereas 


calcium PAS coated granules, giving lower peak 
distributed to the 


concentrations, are veteran 


outpatients 


SUMMARY 


Prolonged ingestion of PAS and isoniazid for 
six months or more may indirectly stimulate the 


expansion of the thyroid iodide trapping mech 


anism, thereby increasing uptake above 
average normal concentrations. The PAS is 
presumably wholly or predominantly responsible 


for the effect. The administration of isoniazid 
PAS also inhibits iodine trapping by the thyroid 
gland, as manifested by the marked increase in 
thyroidal iodine uptake three days after PAS was 
discontinued. Prolonged administration of iso 
niazid and PAS may depress thyroxine production 
with no overt signs of goiter or hypothyroidism. 
\ll tuberculous patients on prolonged treatment 
with isoniazid-PAS should be observed for pos 


sible subclinical hypothyroidism. 


SUMARIO 


roidea en Enfermos 


Funcion Ti 
Para 


Tsoniacida 


Estudios de la 


Tratados con leido tminosalicilico ¢ 


La prolongada ingestién de PAS e isoniacida 
durante seis meses o més puede excitar indirecta 
mente expansion del atrapado del 
toma de a 


voduro tiroideo, elevando asi la 


limites superiores a los promedios normales. E] 
PAS es presuntamente la causa absoluta o pre 


isoniacida-PAS también inhibe el atrape de vodo 


dominante de este efecto administracion de 
por el tiroides, segtin manifest6 el notable aumento 
en la toma tiroidea de vodo a los tres dias de dis 
continuar el PAS 


de isoniacida y PAS puede deprimir la produecién 


La prolongada administracion 


de tiroxina sin signos evidentes de bocio o hipo 
\ todos los tuberculosos n prolongado 


isoniacida-PAS 


tiroidisme 


tratannento con hay que obser 


varlos en busea de posible hipotiroidismo sub 


climieo 


ReESUMI 


chez les 


para-aminosalicylique et 


la fonction thyuroidienne malades 


fraites pa acide 
Pisoniazide 


PAS et disoniazide 


pendant six mois ou plus, peut stimuler indirecte 


Lo ingestion prolongée de 


AND 


STARR 


ment la rétention d’‘iodure par la thyroide, et 
augmenter ainsi l’absorption de I'*! au dela des 
taux normaux. Ce résultat est probablement di 
en partie ou entiérement au PAS. L’administration 
Wisoniazide-PAS inhibe aussi la rétention diode 
par Ia glande ainsi que le montre augmentation 
marquée de absorption d‘iode par la thyroide 3 
jours aprés larrét du traitement par PAS. Une 
administration prolongée d‘isoniazide-PAS peut 
entrainer la diminution de la production de thy 
apparition de 
Tous les tuberculeux soumis 


sans signe de goitre ou 


roxine 
dhypothyroidisme 
h un traitement prolongé par isoniazide-PAS 
devraient étre suivis afin de déceler la possibilité 


dun hypothyvroidisme latent 
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III. Effect of Penicillin upon the Growth of Virulent and Avirulent Bacilli 
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INTRODUCTION 


The exact nature of the factor responsible for 
the virulence of .\/ycobacterium tuberculosis has 
not been convincingly explained (1-3). Certain 
morphologie (4), biochemical (5-7), and toxic 
8-10) characteristics have been associated with 
bacilli to 
cause infections and to disrupt cells in tissue 
culture (11 
not revealed what role, if any, these correlative 


the ability of mammalian tubercle 


14). But this information so far has 


properties may exert in determining virulence. It 
may be, of course, that virulence in the case of 
this bacterium is ‘“‘passive’’; that disease-produc 
ng organisms have no special property harmful 
to the host’s defenses because the host has no 
defenses; and that survival of virulent strains in 
the tissues depends upon a simple metabolic 
ability to meet the cultural conditions imposed 
by the tissues. Yet, it is difficult to believe that 
the differences noted between virulent and 
avirulent strains are simply coincidental, without 
meaning in regard to pathogenic properties. 
Fenner and Leach (15) found that, regardless 
of virulence, most strains of mammalian myco- 
the rate the 


media if adequately 


bacteria grow at about same on 


usual synthetic or 


wrated. However, work in this laboratory (16, 


oo 


17) has indicated that, under the adverse environ- 
mental condition imposed by low oxygen tension, 
the growth rate is altered, the virulent strains 
outgrowing the avirulent. This observation has 
since (18). related to 
this observation is that reported by Mackaness, 
Smith, and Wells (19) to the effect that attenu- 
ited bacilli multiply more slowly than do virulent 


been confirmed Possibly 


ones within normal monocytes in tissue culture, 
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on 


with a much longer lag period. This fact may 
depend upon features within the monocyte other 
than low oxygen tension, for the present writers 
have found (3) something similar in culture media. 
If virulent and avirulent strains are repeatedly 
subcultured on a particular medium and then 
to a the 


adapt more readily to growth on the new medium 


transferred new one, virulent: strains 
than do the avirulent bacilli. It is suggestive that 
strains which have greater adaptability to new or 
to 


greater survival potential in the environment 


disadvantageous environments may have 


provided by a host. 

The present report deals with the differential 
effect of another factor, penicillin, which may be 
considered a disadvantageous environmental one 
upon the growth of virulent, attenuated, and 
avirulent tubercle bacilli. 


MATERIAL AND MetHops 


Eleven laboratory strains of W. tuberculosis 
were emploved in this investigation. These include 
the virulent human variants designated as H37Rv, 
Cutter, Campbell, 88, and the virulent bovine 
strain Ravenel; the attenuated human 
RIRv and the attenuated bovine strain . 
and the avirulent strains H37Ra, H4Ra, JHB6, 
and JHBI16. These strains were maintained 
glycerin egg medium. For the present studies, they 
were transferred to Dubos Tween liquid medium 
(20) in which they were repeatedly subcultured. 
Ten- to thirteen-day-old cultures were employed. 

Kxperiments in which crystalline penicillin 
was both Dubos oleic-acid 
albumin liquid and agar media were set up as 
The liquid medium was used in 5-ml. 
quantities incorporating the desired concentra 
tions of penicillin, and tubes were inoculated with 
0.5 ml. of a 1:10,000 dilution in saline of the in 
oculating suspension which had first been brought 
to an optical density reading of 50 in the Klett 
Summerson colorimeter filter #54). For 
the solid medium diameter Petri 
dishes were lavered with 5 ml. of agar containing 
penicillin, and 0.1 ml. of the inoculating suspen 
sion was spread evenly over the surface of the 
agar with the aid of 0.3 ml. of saline. The plates 
were incubated overnight in the upright position 
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Fic. 1. Effeets of various concentrations of penicillin upon virulent, attenuated, and avirulent 


strains of VW. tuberculosis 


and were then sealed with Parafilm* and inverted 
for incubation 
were examined at weekly 


the former for turbidity, 


Tubes and plates 


intervals for six weeks; 


the latter for colony counts. Tubes and plates 
in all eases were run in triplicate 


The results of all experiments carried out are 


presented in figures 1, 2, and 3. In figure 1, the 
results of various experiments with each strain 
have been combined for the presentation of 
average figures for growth at six weeks under the 
influence of various concentrations of penicillin 
on solid medium, and, although the evaluations 
of growth were made simply by visual comparison 
of tubes for turbidity, the results coincided well 
with those obtained from the quantitative counts 
of bacterial units developing on agar. 


Four of the 5 virulent strains were quite re 


sistant to 200 and 100 units of penicillin per ml. 


of medium, and were virtually completely r 

sistant to 50 units and lesser quantities. Of these 
ft strains, one, the Ravenel, appeared to be com- 
pletely fact, 
there is a suggestion here that the penicillin may 


resistant to all concentrations; in 


stimulate growth to some extent. One of the 5 
strains, the Campbell, a human variant of .1/. 
Dr. Steenken of the 


Trudeau Sanatorium several years ago and since 


tuberculosis received from 
kept in culture on egg glycerin medium, showed 
less resistance than the other 4 in the 200- and 
100-unit tests on agar. 

The two attenuated strains, BCG and RIRv, 
both showed an impaired ability to resist peni- 
cillin at the higher concentrations as compared 
with the virulent strains. Both were almost com- 
pletely inhibited by 200 units and relatively 
inhibited 50 This effect 
not as apparent in the liquid medium; in the pres- 
100 units of penicillin per mi., these 
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COLONY COUNTS AS PERCENT OF CONTROL 
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PENICILLIN SUSCEPTIBILITY 


strains developed as well as in the absence of 
the drug. 

Of the 4 avirulent strains one, H37Ra, be- 
haved in a fashion intermediate between that of 
the virulent and the attenuated strains. It 
showed some resistance even to 200 units per ml. 
The other 
much more strongly inhibited even by lower con- 
centrations; in fact, with 2 of strains, 
JHB16 and H4Ra, there was evidence of growth 
suppression in the presence of two and even 
perhaps of one unit of the drug. On the basis of 


3 avirulent strains were obviously 


these 


these results, the writers have since refrained 
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Fic. 2. Growth of virulent, attenuated, and 
avirulent tubercle bacilli under the influence of 
various concentrations of penicillin after two 


weeks. 
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from using any penicillin in cultural studies em- 
ploying either attenuated or avirulent bacilli, as 
in tissue cultures. 

It is interesting that H37Ra, 
cillin-resistant strain, is the only member of this 


the most peni- 


group which showed cording, a fact that has been 
reported by others in the past. However, tests in 
guinea pigs have always been completely negative 
in revealing any tendency to cause infection. 

In figure 2, the two-week growth figures for the 
three groups of strains, virulent, attenuated, and 
avirulent, have been averaged, and similarly 
combined data for the six-week growth period 
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Fic. 3. Growth of virulent, attenuated, and 
avirulent tubercle bacilli under the influence of 
various concentrations of penicillin after six 
weeks. 
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$52 UYEDA 
are shown in figure 3. The differences in suscepti- 
bilities are more apparent at the earlier time, 
possibly because of a progressive deterioration of 
penicillin in the medium, but the variable influ- 
ence of the drug upon strains of differing degrees 
of virulence reveals itself quite clearly in both 
of these graphs 

The question arose whether the small amount 
of Tween S80 present in the inoculum used for 
these tests may have influenced susceptibility to 
penicillin, in view of the findings of Kirby and 
Dubos (21) that this detergent greatly increases 
the vulnerability of virulent organisms to the 
drug. Unpublished data accumulated by Higashi 
(22) revealed that this was not so; simultaneous 
experiments utilizing organisms removed from the 
of solid medium in one set of tests, and 
broth 


from Tween cultures in the other, gave 


similar results 


DiscUssION 


Previous reports dealing with the extent of 
inhibitory activity of penicillin upon J/. tubercu- 
losis have been concerned with virulent strains, 
and it is well known that this drug is ineffective 
although it 
properties in sufficiently 


lor practical therapeutic purposes, 


does have inhibitor 


high concentrations. \ number of investigators, 
including Abbott (23), Fallin and associates (24), 
\luggleston (25), found no sig 
effect bacilli 


with concentrations of penicillin of less than 100 


and Ungar and 
nificant inhibitory upon virulent 
units per ml., although Iland (26) reported that 
smaller concentrations, between 20 and 80 units, 
may suppress the growth of bacilli obtained di 
rectly from patients. Kirby and Dubos (21), along 
other 


that virulent strains were resistant to LOO units pet 


with « majority of investigators, found 
ml., but that in a Tween-containing medium as 
little as 1 unit per ml. was sufficient for inhibition. 

The present report confirms the general tenor 
of previous findings with virulent organisms and 
is submitted mainly because of the observation 
that attenuated and avirulent mycobacteria have 
a greater degree of susceptibility to penicillin 
than do virulent strains. One of the 5 virulent 
organisms behaved like the attenuated strains, 
the 4 (H37Ra) 


aeted in a fashion intermediate between that of 


while one of avirulent: strains 
the virulent and the attenuated. It acted so in 
other respects also, including the tendency to 


form serpentine colonies. 


AND 


RAFFEL 


This correlation may be purely fortuitous, 
without any direct relationship of factors deter 
mining virulence to those determining drug 
susceptibility. The 
be manifestations of variations in the physical 
the Thus, the 


surfaces of virulent strains are reported to be 


differences, for example, could 


structures of various bacteria. 
more hydrophobic than those of avirulent ones 
(27), and this circumstance might alter effective 
contact of the drug in aqueous solution with 
susceptible centers of the hydrophobic bacteria, 
thus rendering therm drug resistant. This view is 
supported by the observation (21) that a surface 
tension-reducing agent such as Tween 80 greatly 
increases the susceptibility of virulent tubercle 
bacilli to penicillin. In the final analysis, how 
ever, the hydrophobic character of the surface of 
itself have some causal 


the organism may in 


ability not yet appreciated with respect to 
virulence. 

The observations reported can be added to a 
number of other characteristics noted as distin- 
guishing mycobacteria of differing degrees ot 
virulence, including cord formation, neutral red 
reaction, differences in behavior toward onxida- 
tion-reduction dyes, and differences in lipoidal 
contents. At the present time it can only be 
concluded that here again is a differential char 
as opposed to avirulent 


be looked 


another manifestation of greater adaptability of 


acteristic of virulent 


tubercle bacilli which may upon as 


virulent strains to new environmental situations. 
These observations may also have practical im- 
plications for those working with avirulent 
organisms in cultures or in other experimental 
is desirable to use anti- 


situations in which it 


microbial agents to prevent contamination. 
Penicillin obviously is not a good drug for this 


purpose. 


SUMMARY 


in the 
susceptibility of virulent, attenuated, and aviru- 


Rather wide differences are described 
lent strains of ./. tuberculosis to penicillin. Viru 
lent strains in general are highly resistant, at 
tenuated strains show an intermediate level of 
resistance, and 3 of the 4 avirulent strains worked 
with are highly susceptible to this drug. The 
findings have implications for studies using cul- 
other 


mental situations in which it is desirable to use 


ture medium, tissue cultures, or experi- 


antimicrobial agents to prevent contamination 
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PENICILLIN SUSCEPTIBILITY AND 


SUMARIO 


Virulencia del Bacilo Tuberculoso: LIT. Efecto de la 
Penicilina sobre la Proliferacién de Bacilos 
Virulentos y Avirulentos 
la 


susceptibilidad de las cepas virulentas, atenuadas 


Describense diferencias algo amplias en 
y avirulentas del MW. tuberculosis a la penicilina. 


Las virulentas son en general sumamente re- 


sistentes, las atenuadas revelan un tenor inter 
medio de resistencia vy 3 de las 4 cepas avirulentas 
estudiadas son sumamente susceptibles a dicha 
droga. Los hallazgos poseen connotaciones para 
estudios en que figuren medios de cultivo, cultivos 
de tejido u otras situaciones experimentales en 
que convenga usar productos antibacterianos para 


impedir la contaminacién 
RESUME 

Virule nce du bacille tube reule ur: Effet de la pent- 

cilline Sil la croissance de S bacille s vir ule nis 

et non-virulents 

Des différences assez prononeées sont décrites 
la la de 
souches virulentes, atténuées et non-virulentes de 
WV. tuberculosis 


général 


concernant sensibilité a penicilline 


Les souches virulentes sont en 


résistantes, les souches atténuées 
présentent un degré intermédiaire de résistance et 
t souches non-virulentes examinées se sont 
la Ces 


conclusions présentent un intérét certain pour les 


montrées sensibles 4 penicilline. 


travaux ott l’on utilise les milieux de cultures, les 
‘ultures sur tissu ou les autres expériences dans 
lesquelles il est nécessaire d’employer des agents 
intimicrobiens pour éviter la contamination. 
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THE DETECTION OF PYRAZINAMIDE-INDUCED LIVER DAMAGE BY SERUM 
ENZYME DETERMINATIONS'* 


JOHN F. MORRISSEY AND RUTH C. RUBIN 


(Received for publication August 18, 1958) 


INTRODUCTION 


The initial report of the use of pyrazinamide 
in the treatment of pulmonary tuberculosis by 
Yeager, Monroe, and Dessau in 1952 (1) de- 
scribed a significant incidence of liver damage. 
Subsequent reports by a number of investigators 
have confirmed this observation. Of 801 cases 
reviewed from the literature (1-12), 17.5 per cent 
of the patients developed abnormalities of various 
liver function tests, and 4.4 per cent became 
jaundiced. McDermott in 1956 (13) stated that 
of the first 500 to 600 cases treated with pyra- 
zinamide there were at least 35 cases of hepatitis 
with 5 deaths. In 1957, the Committee on Ther- 
apy of the American Trudeau Society (14) stated 
that the risk of liver toxicity outweighed the po- 
tential therapeutic value of the drug, and the 
Committee did not believe that the serial deter- 
mination of liver function tests, including a serum 
transaminase, would prevent serious toxicity. 

In 1956, Wroblewski and LaDue (15) de- 
scribed the case of a tuberculous patient under 
treatment with pyrazinamide in which the serum 
glutamic oxalacetic transaminase became ele 
vated three weeks before there was any other 
clinieal or laboratory evidence of hepatic damage. 
Based on this observation, a clinical study of the 
patient group under treatment with pyrazina 
mide was undertaken at the Madison Veterans 
Administration Hospital. The initial results (16) 
and the results of others (17, 18) have confirmed 
the sensitivity of serum enzyme tests in this 
situation. The present report describes the ex- 
perience with 95 patients given 102 courses of 
the drug for a total of 2,316 patient-weeks. 

‘From the Veterans Administration Hospital, 
ind the University of Wisconsin Medical School, 
Madison, Wisconsin 

? This research was supported (in part) by re 
search grants E-1612 and E-2014 from the Institute 
of Allergy and Infectious Diseases of the National 
Institutes of Health, Public Health Service. 

Presented in part before the Medical Session, 
is part of Section 6B, at the annual meeting of the 
American Trudeau Society, Philadelphia, Penn 
sylvania, May 21, 1958 
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Initially in the study, these patients were fol- 
lowed by serial determination of conventional 
liver function tests and of the serum glutamic 
oxalacetic transaminase. Later, serial determina- 
tions of serum glutamic pyruvic transaminase, 
serum lactic dehydrogenase, and serum malic 
dehydrogenase were made. 


PLAN OF STUDY 


The patient group was composed of 86 patients 
with far advanced pulmonary tuberculosis and 9 
patients with moderately advanced disease. Ther- 
apy Was initiated in 28 courses according to chemo- 
therapy protocols 12B or 18 of the joint Veter- 
ans Administration-Armed Forces chemotherapy 
study. For these patients the companion drug was 
isoniazid. Thirty-eight courses were given to pa- 
tients with chronic disease with drug-resistant 
organisms. The remaining 36 courses were given 
to provide more certain antimicrobial protection 
to patients undergoing resectional surgery when 
actual or potential resistance to the usual chemo- 
therapeutic agents was present. With few excep- 
tions, patients received 3 gm. daily of pyrazin- 
amide in divided dosages. 

Bromsulphalein retention and cephalin floccula- 
tion tests and the serum glutamic oxalacetic trans- 
aminase were performed in all patients before 
starting therapy. Later, prothrombin time was 
substituted for the cephalin flocculation test, and 
the serum glutamic pyruvic transminase and 
lactic- and malic dehydrogenases were determined. 
More recently, the alkaline phosphatase test and 
serum bilirubin have been included. The conven- 
tional tests were determined at monthly intervals; 
serum enzyme determinations were made at bi- 
weekly intervals. Tests were determined more fre- 
quently when toxicity was present or suspected. 


MertTHops 


Bromsulphalein retention was determined by 
measuring the retention forty-five minutes after a 
5.0-mg. per kg. dose. The cephalin flocculation test 
was performed by the method of Hanger, record 
ing only the twenty-four-hour reading. The pro- 
thrombin time was determined by the one-stage 
Quick method. Alkaline phosphatase was assayed 
by the Thorngate modification of the King-Arm 
strong method. Serum bilirubin was measured 
by the method of Malloy and Evelyn using the 
Dueci-Watson modification. Thymol turbidity was 
determined by the method of MacLagan. 
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Serum glutamic oxalacetic transaminase was 
performed by a minor modification of the tech 
nique of Karmen, Wroblewski, and LaDue (19, 20 

The procedure used was as follows: To 2.0 ml. of 
0.1 M potassium phosphate buffer at pH 7.4 were 
added 0.5 ml. of 0.2 M sodium aspartate solution 
at pH 7.4, 0.1 ml. of malie dehydrogenase (2,000 
units per ml.), 0.1 ml. of reduced diphosphopyri 
dine nucleotide 2.0 mg. per ml., and 0.1 ml. of the 
patient's serum. This mixture was centrifuged for 
five minutes at 900 X g, and then incubated for ten 
minutes at 25°C. The supernatant was quantita 
tively removed and transferred to a square glass 
cuvette with a 1.0-em. light path. Then 0.2 ml. of 
sodium alpha-keto glutarate solution at pH 74 
was added with inversion to initiate the reaction 
The rate of the reaction was then determined by 
the decrease in absorbency at 340 mg using a Beck 
man B spectrophotometer equipped with a blue 
sensitive phototube and a blue filter in the shutter 


assembly. The reaction rate in blanks devoid o 
serum Was so low that it could be neglected under 
The reaction rate 


If the 


reaction was not linear during this period the de 


the aforementioned conditions 
was measured for two five-minute periods 


termination was repeated, using a smaller volume 
of serum if a high rate had been encountered. The 
change in absorbency is produced by the oxidation 
of reduced diphosphopyridine nucleotide to di 
phosphopyridine nucleotide. One unit of trans 
aminase is defined as a change in absorbency of 
0.001 per minute per ml The normal 
is 13 units with a range of normal from 6 to 


minus-2 


of serum 
mean W 
20 units to include the mean plus- and 
standard deviations. Normal values for the onal 
acetic transaminase and for the other enzvme tests 
were determined in a large group of healthy hos 
pit il emplovees 

The pyruvic transaminase was determined by 
the method of LaDue, Wroblewski, and Karmen 
The proc edure was identical to that described for 
the oxalacetic transaminase except that 0.5 ml. of 
0.2 M 


aspartate 


tlanine at pH 7.5 was substituted for the 
and O.1 mil. of 
8,000 units per ml.) was substituted for the malic 
The normal 
a range of 2 to 16 units to include the 


lactic dehydrogenase 


dehvdroge hase mean value was 0 


units with 


me and minus-2 standard deviations 


n plus 

Serum lactic dehydrogenase was determined by 
the method of Neilands (21) modified in this lab 
oratory for routine elinieal use. The procedure 
emploved Wis 2S follows To 1.5 ml ol water were 
added 1.0 ml. of 0.1 M glycine buffer at pH 10.0, 
0.1 ml. of «a 0.02 M diphosphopyridine nucleotide 
solution at pH 7.5, and 0.3 ml. of the patient's 
serum. The reaction was carried out at 25° C. in a 
square glass cuvette with a 1.0-em. light path by 
the addition with inversion of 0.10 ml. of sodium 
pi-laetate 0.5 M at pH 7.5. Readings with a Beck 
man B spectrophotomete rwere made at one, three, 
and five minutes at 340 mye against a distilled water 
blank. If the reaction was not linear during this 
period, the determination was repeated with a 
smaller aliquot of serum if a high rate had been 


AND RUBIN 
TABLE 1 
A SUMMARY OF ALL OF THE COURSES OF PYRAZINA- 
MIDE ADMINISTERED DURING THE STupy 


Mear 
Lengt 
Num of 
ber of Treat 
Courses ment 
Weeks 
Completed therapy 
Planned termination 26 35.3 
Died 2 18.2 
Interrupted (medically unsane 
tioned discharge, failure to 
return from leave, transfer 37 20.6 
Toxicity 
Serum enzyme elevations 19* 18.8 
Gastrointestinal symptoms 5 6.8 
Continuing therapy 13 3.7 
Total 102 


* Case R.G. (see table 2) included 


encountered. Again the results are expressed as 
arbitrary 
with the reduction of diphosphopyridine nucleo 
tide to its reduced form. An absorbency change of 


units of absorbency change occurring 


0.001 per minute per ml. of serum equals one unit 
of lactic dehydrogenase activity. The mean normal 
value was 45 units with a range of 28 to 72 units to 
include the mean plus- and minus-2 standard de 
Viations 

The method for the malic dehydrogenase is 
identical to that for the lactic dehvdrogenase ex 
cept that 0.1 ml. of 0.5 sodium-L-malate was used 
instead of lactate, and 0.5 ml 
with correspondingly less water. The mean normal 


of serum was used 


is 6.9 units with a range of 3.3 to 10.5 units to in 
clude the mean plus- and minus-2 standard devia 
tions 

These enzyme determinations are not difficult to 
pertorm if certain precautions are observed. Re 
agents must be properly refrigerated and kept cold 
while in use. Serum must be collected atraumati 
cally to avoid hemolysis and must be promptly re 
frigerated or frozen until the determinations are 
made Control of pH and temperature during the 
reaction must be exact. If these conditions are met 
the levels are reliable, reproducible, and often 
will be found quite constant ina given patient over 
i period of several months 


RESULTS 


A summary of therapy with pyrazinamide in 
the study group is shown in table 1. The planned 
therapy was completed in 26 courses treated for 
an average of 35.3 weeks. Therapy was inter 
rupted by the patient, by transfer, or by pre 


mature discharge in 37 courses after an average 


of 20.6 weeks of therapy. Two patients died of i 
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SERUM ENZYMES IN 
far advanced tuberculosis during therapy with 
pyrazinamide. Their deaths did not appear in 
any way to be related to the drug. 

because of 


Pyrazinamide discontinued 


gastrointestinal 


was 
symptoms in 5 patients and 
because of serum enzyme elevations in 18 pa 
tients. Therapy was stopped in an additional 
patient (R.G.) because of anorexia and the devel 
opment of an enlarged tender liver, although the 
only laboratory evidence of hepatic dysfunction 
was a borderline elevation of the transaminase 
did 
not appear until after the drug had been dis- 
continued. This patient has made an uneventful 
recovery. Therapy was not interrupted in any 
patient 


value. Significant transaminase elevations 


solely because of increased bromsul 
phalein retention or because of the development 
of an abnormality of any of the other conven 
tional liver function tests. A detailed description 
of the cases in which significant enzyme elevations 
appeared is presented in table 2. 

It was impossible to apply uniform criteria for 
interrupting therapy in all patients receiving 
pyrazinamide. The indications for the use of 
pyrazinamide ranged from an attempt to cover 
the critical period of resectional surgery per- 
formed in patients whose sputum cultures were 
positive with drug-resistant tubercle bacilli to a 
randomized research protocol which included 
pyrazinamide for patients with uncomplicated 
(isease. The final decision for discontinuing the 
drug rested with the patient’s ward physician; 
the the 


investigators most 


recommendations of one of 


(J.F.ML.) 


cases. In general, there was more reluctance to 


however, 
were followed in 
withhold the drug early during a planned course 
of therapy or when significant therapeutic effect 
appeared to be taking place 

From experimental standpoint, it would 
have been desirable to have continued therapy 
with 


enzyme clevations until a time when one or more 


pyrazinamide in the presence of serum 


function tests showed 
the 
demonstrated relationship between cellular ne- 


of the conventional liver 


significant abnormality. In view of well 
crosis and serum transaminase elevations, and in 
view of the rapidity with which fatal pyrazina 
mide hepatitis had developed in the past (8), it 


s not believed to be justified to continue 


therapy when enzyme levels were significantly 
elevated. As indicated in table 2, it 


lieved that all of the patients who developed sig 


is not be 


nificant enzyme elevations had pyrazinamide 
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hepatitis or necessarily had liver damage due to 
any other cause. Four patients were receiving 
para-aminosalicylic acid (PAS), which will ocea- 
sionally cause transaminase elevations. This drug 
may have played a roll in at least 2 of the reac 
tions observed. Five of these reactions occurred 
in very ill patients with long-standing far ad- 
vanced disease. Two of these patients died of 
their disease several months following complete 
recovery from their pyrazinamide reactions. One 
episode of enzyme elevation appeared to be due 
to a period of heavy ingestion of alcohol by a 
patient while he was on leave from the hospital. 
Thirteen of the reactions were considered either 
definitely or probably due to pyrazinamide. 

Of the conventional liver function tests used 
to follow these patients, only the bromsulphalein 
was of value in confirming the presence of hepatic 
toxicity. Of the 11 reactions probably due to 
pyrazinamide, when concurrent bromsulphalein 


determinations had been performed, 7 were ele- 
vated but only 2 were above 10 per cent retention. 
In only one of these cases did the rise in brom- 
sulphalein retention coincide with the rise in 
serum enzyme levels. Nonspecific transient 
bromsulphalein elevations were encountered as 
frequently in the study as nonspecific trans- 
aminase elevations. Several patients developed 
hypersensitivity reactions to the dye which pre- 
vented further sereening with the agent. An 
additional group of patients had such poor veins 
that the test was omitted to prevent possible 
painful subcutaneous extravasations of the dye. 
Alkaline phosphatase determinations, cephalin 
flocculation, and thymol turbidity tests remained 
normal in almost all instances. The highest total 
serum bilirubin encountered in the study was 0.8 
mg. per 100 ml. The prothrombin time was 
abnormal in several of the very sick patients; but 
changes could not be correlated with pyrazina- 
mide therapy 

In figure 1, the enzyme changes which occurred 
during therapy and following test doses of pyra- 
zinamide are graphically presented for the 3 pa- 
tients in the group who have been shown most 
definitely to have developed a hypersensitivity to 
the drug. For simplicity, only the curves for the 
serum glutamic oxalacetic transaminase have 
been shown. The data for the pyruvic trans- 
aminase in these patients are incomplete but, as 
may be seen in table 2, tended to parallel those 
for the oxalacetic transaminase. Patient L..1/. de- 


veloped severe anorexia, malaise, and abdominal 
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WEEKS OF THERAPY 
Fic. 1. Serum enzyme changes following test 


doses of py razinamide in 3 patients w ho developed 
hypersensitivity to the drug 

pain coincident with serum enzyme elevations 
after a test dose of 0.5 gm. of pyrazinamide. Be 
cause of reactions such as this and because of more 
severe reactions manifested by high fever, signs 


f meningeal irritation, skin eruptions, and ab 


normalities of liver function seen in PAS-suscepti- 
ble patients when challenged with the latter drug, 
no attempt was made to challenge all of the pa 
tients who reacted to pyrazinamide. The adminis 
test restricted to those 
patients for whom no other equally effective anti- 


tration ol doses was 
tuberculous agent was available. 

Patient had far advanced cavitary pulmo. 
nary tuberculosis which had failed to respond to 
long courses of all of the other available anti 
tuberculous agents. He had shown some roent 
genographic improvement while receiving pyra 
zinamide and conceivably could have benefited 
from further therapy with this drug. As may be 
he developed a rather marked 
to the drug. Attempts to de- 


sensitize him were not completely successful and, 


seen hgure I, 


in 
hypersensitivity 
unfortunately, were interrupted by his premature 
discharge. Of the remaining 16 patients in whom 


pyrazinamide therapy was discontinued because 


AND RUBIN 

of serum enzyme elevations, 5 eventually com. 
pleted their planned pyrazinamide treatment; 2 
needed additional therapy (L../. and J.R.) but 
became well and left the hospital without it; 4 
were patients treated on a set protocol who have 
been transferred to other equally effective chemo- 
therapy; and 5 who had chronic disease had re- 
ceived the drug from twenty-one to sixty-six 
weeks and had not benefited from it. 

A summary of all of the enzyme determinations 
performed before treatment and during therapy 
with pyrazinamide is shown in table 3. The dis- 
tribution of values before and during therapy was 
essentially the same. There was no great differ- 
ence between the two enzyme tests. As may be 
seen, at any time nearly SO per cent of the values 
would be within the normal range, approximately 
15 per cent would be slightly elevated, and only 5 
per cent of the values would be high enough to 
raise a question of pyrazinamide hepatitis. 

The frequency of elevated pretreatment values 
noted in this study can be explained by the large 
number of patients with very far advanced dis- 
ease in the group, the large number of alcoholics 
with variable degrees of hepatic cirrhosis, and the 
frequeney with which their prior chemotherapy 
had ineluded PAS. Other investigators, for ex 
(22), excluded all patients with 
tests 
hepatitis, cirrhosis, or alcoholism from ps razina 
mide treatment in the belief that such patients 
were more likely to suffer pyrazinamide reactions 


ample Allison 


abnormal liver function or a history of 


TABLE 3 
TRANSAMINASE VALUES PER 
AND DURING PYRAZINAMIDE 
THERAPY 


ALI 
BEFORE 


SUMMARY 
FORMED 


Determination Numbe Per Ce 
Serum glutamic oxalacetic trans 
uminase: in units 
Normal: 0-20 
Borderline: 20-30 24 17.38 
Klevated: 304 1.45 
Total 1,174 100.00 
Serum glutamic pyruvie trans 
uminase: in units 
Normal: 0-16 551 79.44 
Borderline: 17-26 Wy 13.60 
Klevated: 274 16 6.66 
Total 691 100.00 
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TABLE 4 


Serum Lactic DEHYDROGENASE LEVELS ON 
SERUMS WITH SIGNIFICANT ELEVATIONS OF 
BotH SERUM GLUTAMIC OXALACETIC 
TRANSAMINASE* AND SERUM GLUTAMIC 
Pyruvic TRANSAMINASET DUE TO 
PYRAZINAMIDE TOXICITY 

Serum Lactic Dehydrogenase Levels —_ Per Cent 
eT 
Normal: 28-72 units 35 87.5 
Equivocal: 73-90 units 0 0.0 
High: >90 units 5 12.5 
Total 410 100.0 
>30 units 
>26 units 
TABLE 5 
Serum Manic DEHYDROGENASE LEVELS ON 
SERUMS WITH SIGNIFICANT ELEVATIONS OF 
SeRuM GLUTAMIC OXALACETIC* AND 
Pyruvict TRANSAMINASE DUE TO PyRa- 
ZINAMIDE TOXICITY 
Serum Malic Dehydrogenase Levels — Per Cent 
er 
Normal: 6-10 units 10 34.5 
Equivocal: 11-15 units 13 44.8 
20.7 


High: >15 units 6 


Total 29 100.0 


* >30 units 
+ >26 units 


Of the present study group of 95 patients, 38 
application of 
that 15.8 per 
alcoholism or 


would have been excluded by rigid 
the above criteria. It is of interest 
cent of the group with a history of 
liver disease developed enzyme elevations on 
pyrazinamide, compared with 19.3 per cent of the 
with histories in these two 


group negative 


particulars and normal pretreatment function 
studies. 

The experience with lactic dehydrogenase is 
shown in table 4. These 40 determinations were 
made on sera obtained during the study when 
pyrazinamide toxicity was present and both the 
serum glutamic oxalacetiec and pyruvic § trans- 
aminases were significantly elevated. Only 5 of 
these serum lactic dehydrogenase determinations 
were in the definitely abnormal range, indicating 
that this enzyme determination is of little or no 
value in this situation. Elevations of the lactic 
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dehydrogenase were usually nonspecific and bore 
little or no relation to obvious reactions to py- 
razinamide. 

A similar evaluation of the malic dehydrogen- 
ase is shown in table 5. The correlation with 
pyrazinamide toxicity is better than in the case 
of the lactic dehydrogenase; 20.7 per cent of the 
values for malic dehydrogenase were signifi- 
cantly elevated and 44.8 per cent were in the 
equivocal range. The elevations of malic dehy- 
drogenase tend to be smaller in magnitude than 
those of the glutamic oxalacetic or pyruvic 
transaminase levels. However, there is no ques- 
tion that the enzyme was elevated in most of the 
pyrazinamide reactions. The high concentration 
of malic dehydrogenase in erythrocytes makes its 
assay difficult to apply to routine clinical use 
because great care must be taken in drawing and 
handling blood samples to avoid significant 
hemolysis. 

Five patients underwent needle biopsy of the 
liver during pyrazinamide reactions. None of 
these biopsies showed significant necrosis of 
parenchymal cells such as had been observed in 
the reported fatal cases of pyrazinamide hepatitis 
(6, 8). There were minor variations in the size of 
hepatic cells and their nuclei. Hepatic parenchy- 
mal cell necrosis as manifested by satellitosis was 
prominent in 2 cases and present in all. In one 
case these areas of necrosis were infiltrated with 
polymorphonuclear leukocytes. Four cases showed 
infiltration of portal triads with inflammatory 
cells, mostly lymphocytes. Hepatic parenchymal 
cells showed minor pigment deposition in 3 cases. 


Discussion 


In all large series of published cases, jaundice 
has been regularly encountered in patients treated 
for the length of time and with the dose of py- 
razinamide used in the present study, in which 
the patients have been followed by serial deter- 
mination of one or more of the conventional liver 
function tests. It is assumed that, if the enzyme 
determinations had not been made, some of the 
patients would have become jaundiced before 
serial determinations of the bromsulphalein or of 
the other conventional tests would have warned 
of impending serious toxicity. Because of this 
failure of the conventional tests to protect pa- 
tients from serious toxicity in other studies, it did 
not appear justified to continue therapy when 
significant elevations of oxalacetic or pyruvie 
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transaminase occurred in the patients in the 
present study. 

Wingo, Fairly, and Rove (17) described their 
experience with transaminase determinations in 
1957 in a group of fifty patients treated with 
py razinamide. They encountered nine bromsul- 
phalein elevations not associated with other 
evidence of toxicity, and continued the drug 
without incident. Six patients developed enzyme 
elevations, and the drug was stopped. These 
patients all had bromsulphalein elevations at the 
time pyrazinamide was discontinued. However, 
in the two cases which are described in full, the 
drug was continued for several weeks after minor 
transaminase elevations had occurred. Wingo and 
associates concluded that the oxalacetic trans- 
aminase was of value in the early detection of 
liver damage. 

Phillips (1S) compared the oxalacetie trans- 
aminase with a number of other liver function 
tests in nine patients under pyrazinamide treat- 
Hi 
oxalacetu 
tests. Of the nine patients studied, five developed 


ment. concluded that bromsulphalein and 


transaminase were the most sensitive 


transaminase elevations. Four of these patients 
were continued on the drug and did not become 
jaundiced. It was concluded that the test was too 
sensitive for use as a clinical guide. Whether these 
enzyme elevations were persistent or simply 
isolated nonspecific elevations is not stated. 
Wroblewski and LaDue selected 40 units ; 


the upper limit of normal values for the trans 


is 


aminases. Wingo, Fairly, and Roye and most of 
the 
transaminase have used this figure as 


the other investigators who have studied 
oxalacetic 
the upper limit of normal. The present studies 
have shown that the clinical value of oxalacetic 
aud pyruvic transaminase determinations in 
pyrazinamide-treated patients is increased if a 
narrower normal range based on the statistical 
f transaminase levels in a normal 
than 


arbitrarily selected upper limit of normal. Serial 


distribution « 


population is used rather one with an 
studies in this series of patients have shown 
“warning” clevations of transaminase in 16 of the 
19 reactions which were below this arbitrarily 
designated upper limit of normal for several days 
to 


peared. In only one patient (Z.1/.) in whom 


several weeks before obvious toxicity ap- 
pyrazinamide toxicity was likely was the initial 
10) 


emphasized the im- 


transaminase value above units. 


clevated 


Allison 


has recently 
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portance of stopping the drug when minor abnor- 
malities of the conventional liver function tests } 
appear. Using this principle, he was able to 
reduce but not eliminate jaundice from his series, 
He used three liver function tests and studied the 
patients at fortnightly intervals. The present 
writers believe that either of the transaminase 
determinations will perform this same function 
with greater efficiency. When slight elevations 
appear, the frequency of the enzyme determina- 
tions can be increased. Elevations, particularly in 
the borderline range, may be transient and with- , 
out obvious explanation. They are seen in asso- 
ciation with hemoptyses, intercurrent respiratory 
infections, influenza-like illnesses, and reactions 
to other drugs such as penicillin, viomycin, or 
PAS. Elevations will occur in the first two weeks 
following major surgery in all patients and, when 


~— 


complications arise or when the surgery is quite 
extensive (such as pneumonectomy), elevations 
may occur later in the postoperative course. One 
patient in the present study developed a marked 
elevation of transaminase while receiving high 
doses of sodium salicylate. The salicylate was 
stopped and the enzyme level returned rapidly to 
normal while pyrazinamide therapy was con- 
tinued. The elevation of transaminase during sali- 
cylate therapy was originally observed in children 
with rheumatic fever by Manso, Taranta, and 
Nydick (23). Patients have been observed to have 
transient elevations of enzyme following a period 
of heavy alcohol intake during leaves of absence 
from the hospital. The interpretation of an eleva- 


tion of transaminase in a patient receiving nar- 
coties should be made cautiously. If, in addition, 
the patient has previously undergone cholecystec- 
tomy, elevations following narcotics would almost 
certainly be unrelated to pyrazinamide. This 
phenomenon was originally observed by Foulk 
and Fleisher (24), and similar observations have 


been made at this hospital. 

When unexplained significant enzyme eleva- 
tions occur (usually above 40 units) and pyra- 
zinamide toxicity appears likely, the drug should 
be discontinued. When the enzyme levels return 
to normal and further therapy is indicated, a test 


dose of the drug is administered. If enzyme eleva- 
tions occur within twenty-four to seventy-two 
hours, as they did in 4 of the 10 patients tested, 
it is interpreted as indicating that the patient 
drug hypersensitivity. 


has developed specific 


Further pyrazinamide therapy should not be 
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attempted in such persons. It is believed that the 
risk of a test dose should not be taken unless 
further pyrazinamide therapy is necessary for 
the management of the patient’s disease. Trans 
aminase determinations are effective guides to 
drug dosage if desensitization is to be attempted, 
but desensitization It is 
believed that the 18 per cent of the patients who 
developed significant elevations of transaminase 


per se is hazardous. 


during pyrazinamide therapy, particularly those 
who were shown later to have drug hypersensi- 
tivity, included the 3 to 4 per cent of patients 
who would have developed jaundice if the drug 
had been continued longer. It is believed that it 
is preferable to interrupt, usually briefly, the 
pyrazinamide therapy of 18 per cent of the pa- 
tient group in order to avoid more serious reac 
tions in 3 to 4 per cent of this group. 

Very little difference was found between the 


serum glutamic oxalacetic and the pyruvic 
transaminase determinations in the detection of 
pyrazinamide toxicity. Either assay is  satis- 


factory for the purpose. The methods for assaying 
the enzymes are of equal complexity. There may 
be a slight increase in sensitivity if both enzymes 
are measured; but it is not believed that this 
additional safeguard is necessary for the routine 
Case. 

If decisions about therapy are to be based on 
relatively minor changes in the level of serum 
transaminase, it is essential that the determina 
tion be performed with great care using a sensi 
tive method such as that of Karmen, Wroblewski, 
nd LaDue. The care required in the collection 
and handling of blood to prevent hemolysis and 
toavoid deterioration cannot be overemphasized. 


A comparison of the record of giving 102 
courses of pyrazinamide without encountering 
jaundice with the 44 per cent incidence of 


wndice encountered in the S01 cases reviewed 
from the literature by the chi-square method, 
itilizing Yates’ correction factor, gives a square 
of 3.67, which is just slightly lower than the 3.84 
value needed for significance at the 0.05 level. 
Utilizing a different statistical approach, that of 
sequential analysis, as described originally by 
Wald (25) and more recently by Doering and 
associates (26) and Hagans and associates (27), 
itcan be shown that the serum transaminase 
should not be rejected in favor of conventional 


liver function tests at the 0.02 level of significance 
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when 95 patients have been treated successfully 
without encountering jaundice. 


SUMMARY 


Hepatic toxicity is a frequent complication of 
pyrazinamide The glutamic 
oxalacetic and the serum glutamic pyruvic trans- 


therapy. serum 
aminase determinations are very sensitive tests 
to detect its presence. Significant enzyme eleva- 
tions suggesting liver injury appeared in 19 of the 
102 courses of pyrazinamide administered to 95 
patients. Four of these patients were later shown 
to have developed a specific hypersensitivity to 
pyrazinamide. It is believed that the pyrazina- 
mide-treated patient followed by determination 
of either the serum glutamic oxalacetic or the 
serum glutamic pyruvic transaminase at two 
week intervals receives optimal protection from 
serious liver damage insofar as can be provided 
by presently available liver function tests. The 
of 
help prevent serious and fatal instances of drug 


serial use transaminase determinations will 
toxicity. Either the serum glutamic oxalacetic 


transaminase or the serum glutamic pyruvic 
transaminase determinations can be used. The 
to 


simple, economical, reliable laboratory test which 


serum transaminase has been found be a 


can be performed in most clinical laboratories. 


SUMARIO 
El Descubrimiento de Lesiones He paticas Inducidas 
por la Piracinamida por medio de Determina 


ciones de Enzimas en el Suc ro Sanquineo 


La 


complicacién comin de la piracinamidoterapia. 


intoxicacién hepdtica constituve una 
Las determinaciones séricas de las transaminasas 
glutdmica oxalacética y glutdmica pirtivica son 
pruebas muy delicadas para distinguir su pre 
sencia. Importantes elevaciones enzimaticas que 
19 de 


administradas a 


indicaban lesién hepatica aparecieron en 
las 102 series de piracinamida 
En 4 
brié después que habian adquirido hipersensibili 


95 enfermos de estos enfermos se descu 


dad especifica a la piracinamida. Parece que el 


enfermo tratado con piracinamida al cual se le 


ejecutan a plazos de dos semanas determinaciones 
va de la serotransaminasa glutamica oxalacética o 
la serotransaminasa glutamica pirtvica recibe pro 
teccién 6ptima contra las lesiones hepdticas 
graves hasta donde permiten hacerlo las pruebas 
de la funcién hepatica disponibles actualmente. 
kl empleo seriado de las determinaciones de las 
transaminasas avudardé a impedir los casos graves 
intoxicacién medicamentosa. La 


Vv letales de 


; 
| 

; 


SO4 MORRISSEY 
determinacién de la trasaminasa sérica ha resultado 
ser una prueba sencilla, econémica y fidedigna de 
laboratorio, que puede ejecutarse en la mayoria 


de los laboratorios clinicos. 


,ESUME 


Détection des troubles hépatiques causés 
pa la pyrazinamide par dosage de 


nzynie Serique 
L’intoxication hépatique est une complication 
fréquente du traitement par la pyrazinamide. Les 
de la 


acétique et glutamique pyruvique du sérum sont 


transaminase glutamique oxalo- 


ck 


des tests trés sensibles, permettant de déceler 


son existence. Des @évations marquées du taux 
enzymatique indiquant une lésion hépatique ont 
été constatées au cours de 19 sur 102 traitements 


par Ia pyrazinamide administrée 4 95 malades. 
Quatre de ces malades ont par la suite présenté 
une hypersensibilité spécifique A la pyrazinamide. 
Les auteurs estiment que dans l'état actuel des 
tests, pour éviter des lésions graves du foie, il 


convient d’effectuer régulitrement, toutes les 


deux semaines, un dosage soit de la transaminase 
glutamique oxalo-acétique du sérum, soit de la 
transaminase glutamique pyruvique du sérum, 
chez les malades traités par la pyrazinamide. Ces 
dosages systématiques de la transaminase aideront 
d’intoxication 


l'apparition de cas 


prévenir 


médicamenteuse grave peut-étre fatale. [I] a 
&é constaté que la transaminase sérique est un 
test de laboratoire simple, économique et sir, qui 
peut étre effeetué dans la plupart des laboratoires 


cliniques 
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DESOXYRIBONUCLEIC ACID AS GROWTH STIMULANT OF TUBERCLE 
BACILLI':? 
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INTRODUCTION 
Many searches have been carried on for sub 
stances that will enhance the growth or multipli 
cation of tubercle bacilli. As early as 1887 it was 
found that glycerol stimulates highly the growth 
of tuberele bacilli (1). It has also been observed 
that inorganic iron salts (2) and oleic acid (3) 
increase the speed of growth of tubercle bacilli. 
These nutrients be the 
microbial cell before they the 
process of growth; they must be added in con 
siderable amounts to the culture medium, and 


metabolized by 


influence 


must 


their action is slow. 

The nuclear bodies of W. tuberculosis divide 
before the cell divides (4-6), and the nuclear 
cell. The 
content of nuclear substance of a cell is doubled 
8). A nuclear 
a cell and act 


substance controls the division of a 
before onset of nuclear division (7, 
substance may be able to enter 
the 


mechanism of the nucleus. The guiding idea of 


upon growth or multiplication-regulating 


the work reported here was to obtain, if possible, 
a pure nuclear substance of tubercle bacilli and 


investigate its action on the speed of growth of 


tubercle bacilli. 


\IATERIAL AND MrtTHODS 


Pathogenic human H37Rv and bovine Ravenel 
straimms of bacilli grown for three 
weeks on 50 ml. of liquid medium® in 250-ml. Erlen 
mever flasks. Bacilli collected in 250-ml. 
centrifuge tubes and washed six times with 200 ml. 
of 0.02 M sodium citrate solution until they 


tubercle were 


were 


were 


free from pigment. After washing, 77 gm. of bacilli 


wet weight) remained. The washed bacilli were 
transferred into two 500-ml. Pyrex bottles with 
glass stoppers Kkach bottle also contained 200 


of glass 


in diameter; 
>and 250 


beads 3 mm 
Fisher G17 


15 gm 
of 


powder ml a solution 


From the Research Laboratory, Anoka State 
Hospital, Anoka, Minnesota 

Presented at the meeting of the 
Trudeau Medical Society, Minneapolis, 

The composition of media used in this work is 
given in the w riter’s book, The Bac lerioloqy of Tu 
herculosis, University of Minnesota Press, Minne 
1905S 


Minnesota 
Novem 


ber 28, 


ipolis 
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23, 1959) 
composed of 0.02 M sodium citrate, 0.1 M sodium 
chloride, and 0.08 M borate buffer—total M 0.2, 
pH 8.1. These bottles were fastened in a box ina 
horizontal position and the box was put on a Kahn 
shaker making two hundred seventy-five 3-cm. 
strokes per minute. The direction of shaking was 
parallel to the lengthwise axis of the bottles. The 
bottles were shaken for a total of twenty-four 
hours, six hours daily. During the rest of the time 
the box containing the bottles was kept in a re 
frigerator. After the shaking was completed, the 
bacillary suspension was centrifuged for one hour 
at 2,000 r.p.m. The supernatant was decanted and 
poured into chilled 95 per cent ethanol (two vol- 
umes of alcohol per volume of supernatant). Long, 
fine threads of white substance appeared. This 
liquid was immediately centrifuged, and the de- 
posit was treated with 0.1 M sodium chloride solu- 
tion. After two more alcohol precipitations, the 
solution of the substance was transferred into a 
separatory funnel and 0.2 volume of chloroform 
and 0.1 volume of n-amyl alcohol were added to 
each volume of solution; then the mixture was 
vigorously shaken for five minutes. The emulsion 
that formed was centrifuged and the supernatant 
precipitated with alcohol. After two more alcohol 
precipitations, the white fibrous substance was 
dissolved in sterile 0.001 M phosphate buffer of 
pH 7.0 and kept in a refrigerator. From 3.38 gm. of 
dry bacilli, 0.016 gm. of this substance 
obtained (0.47 per cent) 

All manipulations with live pathogenic bacilli 
were carried out in closed sterile systems of con 


wis 


tainers. 
OBSERVATIONS 
Identification of the Isolated Substance 


The obtained substance showed strong Dische’s 
reaction and negative biuret, Millon, and Sal- 
kowski reactions. Orcinol reaction was doubtful 
with this substance, and Sudan ILL and osmium 
staining was negative. This when 
dissolved in 0.001 M phosphate buffer of pH 7.0 
l-em. cell had its maximal 
258 mu 


substance 


and observed in a 
ultraviolet light absorption at 
length‘ (figure 1). 
The substance contained 15 per cent nitrogen 
and 8.7 per cent phosphorus; the atomic ratio 
' This determination was made by Dr. S. Kirk 


wood, University of Minnesota, St. Paul Campus 
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hic. 1. Ultraviolet absorption spectra of DNA 


f tuberele bacilli in 0.01 M phosphate buffer at 
pH 7.0. 
I 


N/P was 3.81. Each milligram of this substance 
(dry weight) reduced an amount of copper sulfate 
which will be reduced by 1 ml. of 0.88 per cent 
glucose solution (Nelson’s technique). 

Solutions of the substance in saline containing 
0.001 M magnesium sulfate were adjusted to pH 
70. To each milliliter of these solutions, 100 + 
of crystalline desoxyribonuclease® were added, 
ind after incubation for two hours at 37°C., their 
optical densities were measured in Beckman’s 
259 my 
Steady decrease of densities, such as that from 
0.740 to 0.490, was observed. 

The solutions treated with desoxyribonuclease 


spectrophotometer at wave length. 


were tested for their growth-stimulating action on 
BCG. Only slight stimulation, compared with 
that of the untreated controls, remained. 

The mode of preparation and the physical and 
chemical properties of the obtained substance 
indicated that it was relatively pure desoxyribo 
nucleic acid (DNA). 

The material, when stained according to the 
Zichl-Neelsen technique, was alcohol-acid fast. 
The solutions of this substance contained very 
few alcohol-acid-fast bacilli. The fine, long, and 

Nutritional Biochemicals Corporation, Cleve 
land, Ohio 

‘This determination was Dr. M. O. 
Schultze, University of Minnesota, St. Paul Cam 
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homogencously stained threads of this substance 
cannot be confused with tubercle bacilli. 


Standardization of the Obtained 
Desoxyribonucleic Acid 


To compare the biologic activity of different 


samples of DNA, three standardization pro- 
cedures were used: 
(1) Solutions of DNA dried in a vacuum to 


constant weight and known weight of dry DNA 
were used in experiments; (2) to avoid the drying 
of DNA, it was standardized according to the 
intensity of Dische’s reaction; 2 mg. per ml. of 
dry DNA produced a blue color in Dische’s reac- 
tion which in an Evelyn photometer with filter 
540 gave a reading of 50; by dissolving 4.1 mg. of 
toluidine blue (Harleco) in 1 liter of distilled 
water, an artificial standard was prepared which 
gave a reading of 50 on the photometer and 
remained stable for many months. This standard 
was used to check the color in Dische’s reaction of 
unknown DNA solutions and to standardize their 
strength; (3) the biologie procedure was used 
when the constancy of DNA rates stimulating the 
growth of BCG was discovered. 


Action of Desoxyribonucleic Acid on the 


Growth of BCG and Tubercle Bacilli 


The generation time of tubercle bacilli in 
liquid medium is approximately sixteen to 
eighteen hours (9). The action of DNA on the 
of BCG 


powerful in old, preincubated bacilli which grew 


formation of new progeny was most 


poorly on solid media. 


BCG culture was adapted to dispersed growth 
in basal medium containing 0.5 per cent Tween" 
SO. A 
a minute amount of three-month-old BCG culture 
which had been kept on malachite-egg medium in 
a refrigerator. After twenty hours of incubation 
at 37°C., a drop of this culture, containing 
approximately 430 viable bacillary units, 
inoculated into a series of tubes, each containing 
9 ml. of liquid medium and decreasing amounts of 
DNA. The first tube contained 200 y of DNA per 
ml.; each sueceeding tube had ten times less 
DNA than the preceding one. No DNA was added 
All cultures were maintained 


tube of this medium was inoculated with 


Wiis 


to the control tubes. 


at 


On the fifth day of incubation, the tube con- 
taining 2 X 10-4 y per ml. of DNA showed a 
deposit on the bottom; after eight days of incu 
bation the deposit became heavy. This deposit, 
the Zichl-Neelsen 
technique, revealed an abundance of cords of acid 
fast bacilli. In this tube the growth was explosive 


when stained according to 


| 
con 
npus 
= 
) 


SOS 


E. 


DARZINS 


x 
< 
= 
x 
nN 


tht days in | 


re grown for ei 


(Right) BCG cult 


(X 100) 


nee of DNA. 


re grown fo 


Pic 


presen 


com pu 
ol cor 
2), wl 
contre 
the tw 
of DN 
in the 
the tu 
and th 


fuged, 


mg.; tl 
BCC 


serum 


) compa 
The 
not o1 
isolate 
feeble 
The 
photon 
BCG 
Tween 
shower 
the sh 
growin 


The 


unknor 


The 


Was pl 


|| 
} 
>, 
of 
a 
> 
- 
4 
att 
er > faa 
it Prepay 
= was 
|| 


DNA AS GROWTH STIMULANT OF TUBERCLE BACILLI 


Fic. 4. BCG culture grown for fourteen days at 37°C. on serum-agar (reduced 7g). A 
in the absence of DNA. 


presence of 2 X 10° y per ml. of DNA; B 
compared with that in the controls: a network 
of cords covered the field of a microscope (figure 
2), while only initial cords could be seen in the 

} control tubes (figure 3). The mean diameter of 

the twenty largest colonies grown in the presence 

of DNA was 910 + 33.6 uw; that of the colonies 
in the control tubes, 54 + 1.23 uw. The deposit in 
the tube containing 2 x 107 y per ml. of DNA 
and that in a control tube were collected, centri 


~ 


fuged, and dried. The mean dry weight of bacilli 


gown in the presence of DNA was 17 + 24 
mg.; that of controls, 4 + 1.2 mg. 


BCG cuitures grown for fourteen days on 


serum gly cerol agar also showed enhanced grow th 
compared with that in the controls (figure 4). 
The growth acceleration by DNA was observed 


not only in BCG but also in the pathogenic 
H37Rv bacilli. The DNA 


isolated from .Wycobacterium phlei had only a 


strain of tubercle 
feeble growth-enhancing effect on BCG, 

The turbidimetric comparison in an Evelyn 
photometer of the speed of rate of growth of 
BCG cultures in the liquid medium containing 
Tween 80, with the added DNA and without it, 
showed that the difference in both cultures was 
the shortening of the lag period of the cultures 
growing in the presence of DNA. 

The growth-promoting optimum of each DNA 
preparation showed remarkable constaney and 
standardization of 


was used for the biologic 


wknown DNA solutions. 
DISCUSSION 


The substance obtained from tubercle bacilli 
? was precipitated with alcohol in the form of 


869 


in the 


characteristic long white threads which showed 
strong Dische’s reaction; its maximal ultraviolet 
light absorption was at 258 my; its atomie N/P 
3.81. This had 
biuret and Millon reactions; fatty 


ratio was substance negative 
substances 
were absent; when treated with desoxyribonu- 
lost 


stimulating capacity. The sum of the physical, 


clease this substance most of its growth- 
chemical, and biologic properties of this sub- 
that it 
desoxyribonucleic acid. 


stance indicated was relatively pure 

The explosive growth promoted by DNA in 
old populations of bacilli has had a maximum at 
2 x 10°* y of DNA per ml. This amount of DNA 
is in the range of DNA of pneumococci needed to 
transformation of apathogenic 


(10) 
growth of T2 


produce the 


pneumococei into pathogenic ones and 


initiating the intrabacterial 
bacteriophages (11). 
The DNA fast 
although fatty substances were absent from it. 
The action of DNA derived from pathogenic 


obtained was alcohol-acid 


tubercle bacilli on biologic properties and prog- 
eny of BCG is the subject of further study. 

The observed effect of DNA on the growth of 
old, dying cultures of BCG and tubercle bacilli 
may be used in culturing the few altered bacilli 
from old tuberculous lesions, and may cast some 
light on the revival and spread of tubercle bacilli 
in tuberculous patients. 


SUMMARY 


Desoxyribonucleic acid (DNA) was obtained 
from living pathogenic tubercle bacilli. This sub- 


stance was alcohol-acid fast. The solutions of 


| 4 
A B 


870 E. 


DNA were standardized by three different pro 
cedures. The explosive growth-promoting action 
of DNA was observed in old, degenerating cul- 
tures of BCG and tubercle bacilli kept for three 
months in a refrigerator. The obtained DNA has 
y per 
ml. In a liquid medium the growth-promoting 
effect of DNA can be seen in cultures incubated 
at 37°C 
medium it can be observed in fourteen days. 
Desoxyribonucleic from 
bacterium phlet had a feeble growth-promoting 
effect on BCG cultures. In the presence of DNA 
in a medium, the lag period of BCG is shortened 


growth-promoting maximum at 2 x 10 


for eight days; on solid serum-agar 


acid isolated Myco- 


and the speed of growth increased. 
SUMARIO 


El Acido Desoxirribonucleico como Excitador 


del Crecimiento de los Bacilos Tuberculosos 


Se obtuvo Acido desoxirribonucleico (ADN) de 
bacilos tuberculosos patégenos vivos. Esta subs- 
aleohol-dcido-resistente. solu- 
ADN 
procedimientos distintos. La aecién explosiva y 
fomentadora del desarrollo del ADN fué observada 


en cultivos viejos en vias de degeneracién de BCG 


tancia era 


ciones de fueron normalizadas por tres 


y en bacilos tuberculosos conservados por tres 
meses en el refrigerador. El ADN obtenido logra 
el desarrollo a 2 X 10° 4 
por ml. En un medio liquido puede observarse el 


ADN 


eultivos incubados a 37°C. durante ocho dias; en 


mdximo fomento del 


efecto fomentador del crecimiento del an 
el medio sélido de agar-suero puede observarse en 
eatoree dias. El A4cido desoxirribonucleico aislado 
del mostré débil efecto de 
fomento del desarrollo en BCG. 


Cuando existe ADN en un medio, se acorta el 


Mycobacterium phlei 
los ecultivos de 
periodo de espera del BCG y aumenta la velocidad 
de la proliferacién. 
RESUME 
L at ide de SOT Ut thonucl que stimulant de 
la croissance des bacilles tuberculeux 
(DNA), 
été extrait de bacilles 
Les solutions de DNA 


re lés 


L’acide désoxyribonucléique qui est 
aleoolo-acido-résistant, a 
tuberculeux pathogénique 
ont été standardisées suivant trois 
différents. L’effet stimulant puissant de DNA sur 
In 


vieilles cultures dégénérées de BCG et de bacilles 


croissance des bacilles a été observé sur de 


DARZINS 


mois au 


tuberculeux conservés pendant trois 
congélateur. Le DNA ainsi obtenu avait un effet 
stimulant de croissance maximum de 2 X 107 4 
par ml. En milieu liquide, leffet stimulant de 
croissance du DNA peut étre observé dans des 
cultures laissées 4 l’étuve 4 37° C pendant 8 jours; 
en milieu solide sérum-agar, il peut s’observer au 
de 14 jours. 
isolé du Mycobacterium phlei ne possede qu'un 
pouvoir stimulant ce faible 
cultures de BCG. Par la présence de DNA dans 
le milieu, la période de retard du BCG est réduite 


bout L’acide désoxyribonucléique 


croissance sur les 


et la vitesse de croissance augmentée. 
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INTRODUCTION 


Barry and his co-workers have described the 
antituberculous activity of a number of phen- 
(B663) re- 
striking 


azine derivatives; one of these 
markably potent 


cumulative properties, being stored in many 


and also possesses 
organs and tissues for long periods after adminis- 
tration (1, 2). It seemed of interest to investigate 
the activity of this compound with the mouse 
orneal test, which has proved of value in deter- 
mining the effects of a number of other anti- 
tuberculous substances (3, 4). 


EXPERIMENTAL 


Two main types of experiments were performed. 
In the first, the organisms (1. 
were exposed to the drug in vitro and were 


‘uberculosis var. 
bovis) 
subsequently inoculated into mice to determine 
their viability. In the second set of experiments, 
the mice were inoculated intracorneally and 
treated with the drug incorporated in their diet. 
The experiments were carried out on albino 
mice of both sexes, weighing 20 to 25 gm. at the 
beginning of the experiment. The organism used 
was a bovine strain of W. tuberculosis, and the 
details of cultivation and intracorneal inoculation, 
as well as the method of scoring the developing 
lesions and measuring the number of bacilli, have 
previously been The method of 
treating the organisms in vitro will be described in 
the appropriate section. For administration 
mice the drugs were incorporated in British Medi 
eal Research Council diet 41B, the daily dose pet 
mouse being contained in 5 gm. of diet 
Intracorneal tnoculation of organisms previously 
treated in vitro: To investigate the bactericidal 
eflect of B663 in vitro, bacilli were recovered from 


described 5 


to 


fully grown cultures of W. tuberculosis var. bovis 
in Dubos medium. The organisms were then di 
vided equally between three sets of tubes contain 
ing Proskauer and Beck medium enriched with 5 
per cent of human serum. To one set of tubes, 
B663 dissolved in ethyl! alcohol in a concentration 
of 40 y per ml. was added to give a final concen 
tration of O.S y of B663 per mil., i.e., the concen 
Barry and his co-workers (1); 
of alcohol 


tration used by to 


inother set of tubes the same amount 
was added as was used to dissolve the B663; and 
the third set was left untreated. These tubes 
were then ineubated at 37°C. After one week, two 


‘From the Department of Pharmacology, 
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weeks, and three weeks of incubation, the cultures 
were diluted to 10-' and 10-* in 0.05 per cent 
Tween® saline, thoroughly shaken, and inoculated 
intracorneally into groups of 6 mice, which were 
then observed for a period of three to four months. 


Results: All animals in all of the groups in- 
fected with the 107 dilution developed lesions 
after various intervals and, due to the relatively 
large inoculum (about 50,000 bacilli), marked 
differences were not seen. An obvious effect was 
seen, however, in the animals infected with the 
smaller inoculum. There was no significant effect 
after incubation for one week, but the cumulative 
number of animals which developed lesions in 
the groups inoculated with the organisms after 
two and three weeks’ incubation is shown in 
figure 1. The addition of the alcohol alone to the 
medium did not produce any effect as compared 
with the untreated medium, so that, for clarity, 
only the results from this culture, i.e., medium 
plus alcohol, and the drug-treated culture are 
shown. It may be seen that the phenazine com- 
pound markedly reduced the number of animals 
which developed corneal lesions and also in- 
creased the latent period before lesions developed, 
as compared with those in the controls. 

Thus, it is obvious that the compound B663 
has some bactericidal effect when incubated with 
the 


described. 


In order to determine whether the organisms 


tuberculosis in vitro under conditions 


take up this drug from the medium at the end of 
one week of incubation, a smear of the undiluted 
culture and a cornea inoculated with the same 
culture were examined under the microscope. In 
the smear examination, the coloration of the 
individual bacilli by the drug could not be 
definitely ascertained. When the cornea inocu- 
lated with the undiluted culture was examined, 
however, the individual organisms were found to 
be stained brown. Such stained organisms were 
seen quite clearly against the unstained back- 
ground of the corneal tissue. 

Effect of B663 alone in experimental corneal tuber- 


culosis: Groups of 6 to 10 mice were inoculated 
intracorneally with either an undiluted or a 10~ 
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Fic. 1. Showing the number of mice developing 


corneal lesions after infection with a 10~* dilution 
of M. tuberculesis var. bovis, previously incubated 
a medium containing B663 for two and three 

Incubated three weeks—medium plus 
2) incubated two weeks—medium plus 


in 
weeks: (1 


aleohol 


aleohol; (3) incubated two weeks—medium plus 
B663; (4) ineubated three weeks—medium plus 
B663. 

dilution of a Dubos culture of virulent W/. tuber- 
culosis var. bovis. The group infected with an 


undiluted culture was given 1 mg. of B663 per 
mouse per day in the diet, and groups infected 
with a 10-* dilution of the same culture were given 
either 100 or 50 y of the drug per mouse per day 
in the diet. Groups of mice similarly inoculated 
with the two doses of bacilli received no treatment 
Treatment was 


included controls 


the day 


and were as 
inoculation and was con- 


These 


started on ol 


N, AND SULLIVAN 
mice were observed for a period of twenty-one 
weeks. 

Both at fourteen and at thirty-two days after 
the beginning of the experiment, a mouse of the 
group treated with 1 mg. of the drug daily was 
sacrificed, and the infected cornea was examined 
by phase-contrast microscopy and later by gross 
staining with dilute carbolfuchsin. The internal 
organs were examined for any accumulation of 
the drug. 

Results: As may be seen in figure 2, B663 had 
a beneficial effect on the development of the 
infection which was evident not only during the 
period of treatment, but also after treatment 
was stopped. The average size of the lesions in 
the treated groups was smaller than in untreated 
The effect marked the 
group treated with the large dose of the drug. 


controls. was most in 
Complete suppression of the lesion was not seen 
in any animal of the group infected with an 
undiluted culture but, in the groups infected 
with the smaller number of organisms, an in- 
creased incubation period was seen in some and 
complete suppression of the lesions was observed 
in other animals. 

In the animals killed for examination both at 
fourteen and at thirty-two days after infection, 
At the time of re- 
moval, both corneas had lesions filling about one- 


the findings were the same. 


eighth of the area. On examinaticn by phase- 
contrast microscopy the lesions were found to be 
stained light brown to deep brown in places, and 


tinued for a period of twenty-eight days. 
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hic. 2. Showing the effect of B663 on mice infected intracorneally with either an undiluted or a 107° 


dilution of a culture of 
infected with 10 
infected with 10 
with B663-—1.0 mg 


dilution—control; (3) infected vy 
dilution and treated with B663 


\ll doses expressed us ammount 


VW. tuberculosis var. bovis: 


(1) infected with undiluted culture—control; (2) 
vith 107% dilution and treated with B663—100 y+; (4) 
50 (6) infected with undiluted eulture and treated 
s per mouse per day. 
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ANTITUBERCULOUS 


the macrophages at the periphery of the lesions 
were seen to contain brown granules of different 
sizes. This shows that the drug which is a brown 
dye penetrates into the lesion and also into the 
macrophages, and it is possible that it is even 
soncentrated in the lesion. The bacilli could not 
be seen owing to the density of the lesion. 

On staining with 
corneas large 
bacilli had multiplied to 
aggregates with a 7 value greater than 
an area of 1 mm. in both instances. 

On post-mortem examination of these animals, 
the subcutaneous and mesenteric fat, intestines, 
especially large intestines), kidneys, and bladders 


the 
acid-fast 


carbolfuchsin, 
numbers of 


gross 
showed 
which 


give dense 


T7 over 


were found to be stained yellow due to an accu- 
mulation of the dye in these tissues. 

In conclusion, the phenazine derivative, B663, 
antituberculous activity which, 
although it does not suppress the formation of 
lesions in all animals, nevertheless results in the 


possesses 


an 


final lesion size being considerably smaller than 
the controls. 


seen with doses as low 


that in Furthermore, effects are 
as 507 per mouse per day 
equivalent to 2 mg. per kg.). The drug is accumu- 
lated in the animal tissues, particularly in fatty 
the 


tissue, and also probably accumulates in 


lesions. 


Effect of B663 and isoniazid, alone and in com- 
corneal tuberculosis: 
Twenty-eight mice were inoculated intracorneally 
with a 10-% dilution of W/. tuberculosis var. bovis 
ind were divided into four groups: (a) control, 
untreated; (b) treated with 0.3 mg. of B663 per 
treated with 0.3 
mg. of isoniazid per mouse per day in the diet; and 
!) treated with 0.3 mg. of B663 and 0.3 mg. of 
isoniazid per mouse per day in the diet. Treatment 
from the day of 
continued for a period of twenty-eight days, and 
the mice were observed for a period of sixteen 


weeks. 


bination, in experimental 


mouse per day in the diet; ( 


was started infection and was 


Results: The development of lesions in the 
A dose of 
9.3 mg. of isoniazid per day completely sup- 


various groups is shown in figure 3. 
pressed the development of any macroscopic 
corneal lesion during the twenty-cight-day period 
of treatment but, after a further interval corre- 
the 
untreated animals, lesions appeared, and in the 


sponding to usual incubation period in 
following four weeks all of the mice of this group 
developed corneal lesions. On the other hand, in 
the treated B663 


corneal lesions appeared during the period of 


group of mice with alone, 


ACTIVITY OF 


PHENAZINE (B663) 873 
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Fic. 3. Showing the effect of B663 alone and in 


combination with isoniazid in mice infected intra 
corneally with a 10-* dilution of a culture of VW. 
tuberculosis var. bovis: (1) control—untreated; (2) 
B663—0.3 mg. and isoniazid—0.3 mg.; (3) isonia- 
zid—0.3 mg.; (4) B663—0.3 mg. All doses expressed 
as amounts per mouse per day. 


treatment, but the average size of the lesions at 
any time after the sixth week was smaller than 
that in the animals of the corresponding group 
treated with isoniazid alone. This suggests that, 
with the doses used, isoniazid was superior to 
B663 in suppressing the development of corneal 
during the 
whereas B663 had a 
When B663 and isoniazid were combined, there 


lesions period of administration, 


more prolonged effect. 


was complete suppression of the development of 
corneal during the twenty-cight-day 
period of treatment but, after a further interval 


lesions 


corresponding to the usual incubation period 
in the untreated animals, lesions appeared and 
the combination of B663 with isoniazid did not 
seem to produce any greater effect than when 
isoniazid was used alone. 

Prophylactic effect of B663 in experimental 
‘ The results of 
experiments have shown not only that this drug 


corneal tuberculo: previous 
is beneficial in experimental tuberculosis, but also 
that it the tissues. A 
further experiment was, therefore, instituted to 
the prophylactic effeet of this drug in 


accumulates In animal 


study 
experimental corneal tuberculosis. 


A group of 12 mice were given 0.3 mg. of B663 
per mouse per day in the diet for a period of fifteen 
days. At the end of this period the drug was 
stopped and the animals were infected intra 
with a 10-* dilution of a culture of 1. 
var. Another of 6 un 


corneally 


tuberculosis bovis. group 
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Fic. 4. Showing the development of corneal 


lesions in mice infected with a 10~ dilution of a 
VW. tuberculosis var. bovis and treated 
con- 


culture of 
prior to infection with B663. (7) untreated 
trols: treated with B663—0.3 mg. per mouse 
per day for two weeks before infection. 

inoculated with an 
and this group was 
mice were observed 


treated mice were similarly 
identical dose of organisms, 
included as a control. These 
for a period of twelve weeks. 

Results: Administration of B663 prior to infec- 
tion seems to produce some beneficial effcct, as 
Was seen by the increase in the incubation period 
of the disease in the treated group (figure 4). 
Two of 12 animals treated with B663 developed 
the thirteenth 
day, whereas all of the animals in the control 
had 


lesions 


macroscopic corneal lesions by 


macroscopic 


the twenty- 


already developed 
at that time. By 


second day, 7 more animals of the treated group 


group 
corneal 
developed corneal lesions; in 2 animals no 
macroscopic lesion developed at all during the 


period of observation, and in one a tiny lesion 


developed but resolved completely later on. 
However, when macroscopic corneal lesions did 
appear in the treated animals, they usually 


developed to a size similar to those in control 


animals 
Thus, 


given before infection, in the dosage used here, 


it would seem that, when the drug is 


there is a delaying effect on the development of 
tuberculous lesions in the cornea, and there may 


even be complete suppression of lesion formation. 
Discussion 


The present findings confirm those of Barry 
and his co-workers in showing that the phenazine 


derivative B663 is highly effective in’ experi 


mental tuberculosis in mice: a dose as low as 


2 mg. per kg. per day produced some decrease of 


ROBSON, 
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the corneal lesions, as compared with untreated 
controls. The higher daily dose of 12 mg. per kg. 
per day did not produce complete inhibition of 
the tuberculous process in the cornea, although 
such a dose of isoniazid will, as a rule, completely 
prevent bacterial multiplication and the forma- 
tion of any macroscopic lesion during the period 
of treatment. It difficult to the 
chemotherapeutic effectiveness of two drugs with 
such different 
isoniazid, which is rapidly cleared from the body, 
and B663 which, as shown by Barry and co- 
workers (2) and confirmed in the present investi- 
gation, has marked cumulative properties. The 
results this with B663 
however, to be rather less impressive than those 


Is 


compare 


pharmacologic properties, i.e., 


in laboratory seem, 
To some extent the effects of the 
qualitatively rather 
with streptomycin 


of Barry. 
phenazine compound 
similar to 
using the corneal technique (4). In both cases 
there is marked inhibition, but not complete 
of the tuberculous 
lesion in the cornea. The comparative ineffective- 


are 


those obtained 


suppression, macroscopic 
ness of streptomycin in such experiments is 
probably due to the failure of the drug to pene- 
trate well into the macrophages which take up 
the bacilli, but this does not apply to B663, since 
the globules of dye actually inside the macro- 
phages could be seen. 

It be 
present experiments have shown that the phena- 


must, therefore, emphasized that the 


zine derivative, B663, is a highly active anti- 
tuberculous drug, which cumulates in the body 
and probably in the corneal tuberculous lesion. 


SUMMARY 


The antituberculous activity of the phenazine 
derivative B663 was investigated both in vitro 
and in vivo. It was shown to have bactericidal 
activity in a concentration of O.Sy per ml. and 
to be taken up by the bacilli from the medium. 

In vivo, using mouse corneal infection with 


shown to have some effect in a dose as low as 


tuberculosis var. bovis, the phenazine was 
2 mg. per kg. daily. A dose of 12 mg. per kg. 
daily combined with 12 mg. of isoniazid per kg. 
did not produce any better effect than that 
dosage of isoniazid alone. The phenazine deriva- 
tive was also shown to accumulate in the tissues 
and probably in the tuberculous corneal Jesion 
and to remain in the tissues for some time after 
cessation of treatment. 
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ANTITUBERCULOUS ACTIVITY OF PHENAZINE (B663) 


SUMARIO 
Antituberculosa de Derivado de la 


Fenacina (B663) 


Actividad 


un 


La actividad antituberculosa del derivado de 
la fenacina, B663, fué investigada tanto in vitro 
como in vivo. Se observé que poseia actividad 
bactericida a una concentracién de 0.8y por ml. 
y que era absorbido por los bacilos del medio. 

In vivo, usando la infeeccién corneal del ratén 
por el M. tuberculosis var. bovis, se observé que 
la fenacina ejercia algdn efecto a una dosis que 
no pasaba de 2 mg. diarios por kg. Una dosis 
diaria de 12 mg. por kg. combinada con 12 mg. 
de isoniacida por kg. no produjo mejor efecto 
que la misma dosis de isoniacida sola. Se observé 
ademas que el derivado de la fenacina se acumulaba 
en los tejidos y probablemente en la lesiér tuber- 
culosa de la cérnea y permanecia en los tejiau. 
por algtin tiempo después del cese del tratamiento. 


{ESUME 


Activité antituberculeuse d’un dérivé de la 


phénazine (B663) 


L’activité antituberculeuse du dérivé B663 de 
ia phénazine a été étudiée in vitro et in vivo. 
On a constaté que ce dérivé avait une activité 
bactéricide 4 la concentration de O0.8y par ml. et 
qu'il était absorbé par les bacilles 4 partir du 
milieu. 

In vivo, en infectant la cornée de la souris par 
WV. tuberculosis var. bovis, il a été prouvé que la 
phénazine agissait 4 une dose quotidienne aussi 
line dose de 12 mg. 


peu élevée que 2 mg. par kg 


875 


par jour par kg., combinée A 12 mg. d’isoniazide 
par kg., n’a pas produit de meilleur résultat que 
la méme dose d’isoniazide administrée seule. 
Il a été aussi constaté que le dérivé de la phénazine 
s’accumulait dans les tissus et probablement dans 
la lésion tuberculeuse cornéenne et qu’il persistait 
dans les tissus pendant quelque temps aprés la 


fin du traitement. 
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ATYPICAL MYCOBACTERIA FOR CHICKENS, GUINEA PIGS, 
HAMSTERS, AND MICE! 
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INTRODUCTION 

Interest in the role of atypical mycobacteria as 
« cause of disease in man was first stimulated 
through the reports of Timpe and Runyon (1) 
and Buhler and Pollak (2). More recent studies 
of Lewis and associates (3) and especially of 
Keltz, Colton, and Lester (4) suggest an even 
greater incidence of infection due to this group of 
mycobacteria than was heretofore realized. The 
classification proposed by Runyon (5), based on 
the 
the 


pigment formation on laboratory media, is 
most widely accepted means of subgrouping 
at pical mycobacteria. 

The feature possessed by the atypical strains 
that differentiates them from true mammalian 
strains is their inability to produce progressive 
disease in guinea pigs. On the other hand, the 
photochromogenic atypical mycobacteria have 
been shown to be uniform in their ability to 
produce extensive disease in hamsters and mice. 
by nonphoto- 


Reports of disease production 


chromogenic and scotochromogenic strains are 


less frequent, but in general these latter two 


types are less virulent for all of the species 
tested. 
Only «a few very limited studies on the viru- 


lence of atypical mycobacteria for chickens have 
appeared in the literature. Buhler and Pollak (6) 
that their failed to 
produce progressive disease in chickens. Feldman 


found “vellow bacillus” 
and his co-workers (7), and more recently Eng- 
back and Ohlsen (8), have isolated from human 


disease acid-fast organisms which resemble avian 


tubercle bacilli in many ways but which fail to 
produce characteristic, progressive disease in 
chickens. Runvon (9), in a recent review of 
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atypical mycobacteria, indicated that these two 
strains most closely resembled nonphotochro- 
mogens, and he placed them with Group III 
organisms. 

Solotorovsky and associates (10) reported in 
1957 a study of representative cultures of the 
three types of atypical mycobacteria in chickens. 
He tested strains of the collection of the Lab- 
oratory Subcommittee of the American Trudeau 
Society (strains 5, 7, 17, 23, 18, and 22) for their 
three-week-old 
chickens, and found only one (strain 23) to be 
pathogenic. It has since been reported (11) that 
culture 23 of this collection may be a mixture of 


ability to produce disease in 


photochromogenic and nonphotochromogenic ba- 
cilli, and for this reason it would be difficult to 
associate the disease-producing capacity with 
either of these two types of bacilli. 
The interest of the present 
evaluation of the virulence of atypical acid-fast 
bacilli 


First, the appearance of nonphotochromogenic 


writers in an 


for chickens comes from three sources. 
cultures on American Trudeau Society medium 
certain to 
Second, it has been demonstrated by Froman (12) 


bears resemblances avian strains. 
through phage typing that both avian strains and 
most nonphotochromogens are resistant to lysis 
by mycohocteriophage. The third observation 
calling attention to the similarity of avian strains 
and nonphotochromogens is the report by Smith 
and co-workers (13) of the presence of a specific 
lipid substance occurring only in avian strains 
and in nonphotochromogenic bacilli. This frac- 
tion, referred to to 
glycolipid-peptide and is closely related to an- 


as “Jav,”? appears be a 
other fraction, “Jat,” found only in atypical 
bacilli of the scotochromogenic type. A detailed 
report on the distribution of strain specific lipids 
in mycobacteria will appear soon (14). 

On the basis of these three observations, it 
seemed desirable to study the virulence of various 
types of atypical acid-fast bacilli in guinea pigs, 
mice, hamsters, and chickens. Greatest attention 
was given to comparative studies of atypical and 
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COMPARATIVE PATHOGENICITY 


in chickens. Control of 


strains 
animals were injected with standardized inocula 


avian groups 
of VW. tuberculosis, M. avium, M. phlei, and 
\/. smegmatis. 

In general, the results of this study confirm 
those of earlier writers in demonstrating that 
atypical bacilli 
virulent for hamsters and mice than 


are more 


for guinea 


photochromogs nic 
pigs, and that nonphotochromogenic strains are 
less virulent for all species. It was not possible to 
demonstrate the development of progressive dis- 
ease in chickens with any strain other than J/. 
avium. 


MATERIAL AND METHODS 


inimals: The inoculated with JV. 
tuberculosis, M. avium, M. phlei, and M. smegmatis 
in Experiment 1 were White Leghor:. hens. White 
Leghorn pullets or cockerels, three to six weeks 
old, were used in all of the subsequent investi- 
gations. The chickens were routinely tuberculin 
tested with 0.05-0.10 ml. of avian tuberculin prior 
to infection. No positive reactors were detected. 

White Swiss-Webster mice (virus susceptible 
and Salmonella resistant) bred and maintained 
by the Department of Medical Microbiology were 
used in all of the studies. Adult Svrian Golden 
Hamsters and six-week-old guinea pigs were also 
used in the present investigation. 


chickens 
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maintained on American Trudeau Society medium 
were transferred to Dubos Tween®-albumin 
liquid medium. Human, avian, and atypical 
strains were incubated at 37°C. for five to seven 
days, and M. phlei and M. smegmatis at 37°C. for 
two days prior to animal inoculation. Viable 
plate counts on appropriate dilutions of the 
cultures used as inocula were determined by the 
method of Fenner and Martin (15), and the num- 
ber of viable units per ml. was calculated and is 
recorded in tables 2-6. 

The cultures used in the present study and their 
sources are indicated in table 1. 

Animal Tween-albumin broth 
cultures were appropriately diluted for use as 
inocula. The chickens used in Experiment I (two 
per culture) were injected subcutaneously with 
1.0 ml. of diluted culture, and the majority in 
Experiment II were injected intravenously with 
0.4 ml. of the diluted cultures. Five guinea pigs 
received 1.0 ml. subcutaneously; 3 hamsters, 1.0 
ml. intraperitoneally; and 10 mice, 0.4 ml. of the 
diluted cultures intravenously. 

Prior to sacrifice, surviving chickens and guinea 
pigs were tuberculin tested with 0.05 to 0.10 ml. 
of undiluted avian tuberculin and intermediate- 
strength mammalian tuberculin (PPD), re- 
spectively. Eight weeks after infection the animals 
were killed and examined. Observations of gross 


inoculation: 


disease were made at necropsy, and portions of 
spleen were removed for culture purposes. Splenic 


homogenates were treated by the sodium hy- 


Cultures: Stock cultures of mycobacteria droxide method, and the neutralized sediment was 
TABLE 1 
Cuttures Usep IN THE PRESENT Stupy AND THEIR SOURCES 


Culture 


VW. tuberculosis 
Strain 199 
M.avium* 

297 

208 

2909 

300 

Faisan II 
Fonteau 
10908 

1052B 

10435 
Atvpical mycobacteria 


National 


Photochromogens? 1, 4, 


Laboratory 


Source 


Institutes of Health: B. J. Olson 


Mavo Foundation: W. H. Yeldman 
Mayo Foundation: W. H. Feldman 
Mayo Foundation: W. H. Feldman 
Mayo Foundation: W. H. Feldman 
Pasteur Institute: 
Pasteur Institute: E. Lederer 
Animal Disease Laboratory, 
Animal Disease Laboratory, 
Animal Disease Laboratory 


Lederer 


Madison, Wisconsin 
Madison, Wisconsin 
Madison, Wisconsin 
Trudeau Society: 


Subcommittee, American 


Kk. H. Runyon 


Nonphotochromogens 3, 7, 20, and 23 


Laboratory 


Subcommittee, American Trudeau Society: 


H. Runyon 


Saprophytes 
VW. phlei 


VW. smegmatis 


Rutgers University: Ruth Gordon 
tutgers University: 


tuth Gordon 


* Avian mycobacteria will be hereafter referred to as Av-297, Av-Fonteau, et cetera. 
+ Photochromogens will be hereafter indicated by PH-1, PH-4, et cetera, and nonphotochromogens 


s N-PH-7, N-PH-20, et cetera. 
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cultured on two American Trudeau Society slants. 
Portions of liver and spleen from chickens, and 
lung, liver, spleen and occasionally kidney from 
the other animals were fixed in 10 per cent 
formalin. Tissue sections were subsequently made 
and stained with hematoxylin and eosin and by 
the Ziehl-Neelsen or Aubert method. 


> 
L\ESULTS 


Experiment I: Pathogenicity of known and 
atypical mycobacteria for a selected group of 
animals. The results of chicken, guinea pig, 
hamster, and mouse inoculation with known and 
atypical strains of mycobacteria are recorded in 
tables 2-5. The tables summarize the disease 
process as it occurred in the experimental animals 
and is presented in greater detail elsewhere (16). 


Gross disease was recorded as negative, mini- 


AND ALTMAN 


mal, or extensive, and microscopic pathology was 
described as nonspecific change, early tubercu 
losis, granulomatous tuberculosis, or granulomas 
with caseation. Negative for gross disease refers 
to the absence of demonstrable lesions or en- 
largement of the liver or spleen. Minimal disease 
was considered to exist if there was evidence of 
liver and splenic enlargement with or without 
the presence of a few lesions. Extensive gross 
disease refers to the presence of numerous macro- 
scopic lesions on lungs, liver, or spleen with the 
usual enlargement of the latter two organs. 
Nonspecific change refers to tissue changes in 
response to foreign or toxic agents which are not 
particularly characteristic of tuberculosis. In- 
cluded in this category were alveolar thickening 
fatty vacuolization of hepatic cells, perivascular 


TABLE 2 
INFECTION OF CHICKENS WITH KNOWN AND ATYPICAL MYCOBACTERIA 


Viable Units 
_ 


Gross Disease 


Culture per 
Part Af 
WV. tuberculosis 5.0 X 10° | Negative 
Av. 297 5.0 X 10° | CH-1—negs 
tive 
CH-2—died 
VW. phlei 1.0 X 10° Negative 
WV. smeqmatis 1.0 xX 10° Negative 
N-PH 20 1.0 10 Negative 
PH-4 1.0 X 10° | Negative 
PH-21 1.0 X 10° Negative 
PH-1 1.0 10° CH-1—nega- 
tive 
CH-2—minimal 
PH-16 1.0 10 Negative 
Part Bt 
N-PH 20 10 Negative 
PH-21 2.0 KX Negative 
Av. 300 2.0 x 10 Minimal; one 


died 


Presence of Acid-fast Recovery on Culture 


stopathology cane 
Histopathology Bacilli of Spleen 


Negative Negative 
CH-1—nega CH-1—nega 
tive tive 
Slight casea CH-2 CH-2—posi 
tion tive 
Negative Negative Negative 
Negative Negative Negative 
Negative Negative Negative 
Negative Negative Negative 
Negative Negative Negative 
CH-1—Early Negative Negative 
tuberculosis 
CH-2—Smail 
granulomas 
Negative 


Negative 
Granulomas 


sparse 


Negative Negative 


Small granu Sparse Positive 
lomas 

Small granu Negative Negative 
lomas 


Granulomas Numerous Positive 
with casea 


tion 


* Each of 2 chickens received 1.0 ml. of diluted culture subeutaneously with the number of organisms 
per ml. indicated in the table. The results tabulated are based upon total numbers of animals except 


where indicated. 


Part A 
Part B 
pullets 
PH—represents photochromogen. 
N-PH—represents nonphotochromogen 


Av represents avian strains. 


Infection of White Leghorn hens with known and anonymous strains. 
\ limited repeat study using representative organisms and 6-week-old White Leghorn 


CH-1 or CH-2 refers to either one of the two chickens inoculated with the various mycobacteria 
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TABLE 3 
INFECTION OF GUINEA witH KNOWN AND AtTyPICAL MYCOBACTERIA 


Presence of Recovery on Culture 


Gross Disease Histopathology Acid-fast Bacilli of Spleen 
Part AT 
VW. tuberculosis 5.0 X 10° Extensive; Not done Numerous | Not done 
all died 
Av. 297 5.0 X 10° Negative Nonspecific changes | Negative Negative 
WU. phlei 1.0 X 10° Negative Negative Negative Negative 
VW. smegmatis 1.0 X 10° | Negative Negative Negative 3 of 5 positive 
N-PH 20 1.0 X 10° Negative Nonspecific changes Negative 2 of 4 positive 
PH-4 1.0 X 10° Minimal Nonspecific changes | Negative | 1 of 5 positive 
PH-21 1.0 X 10° | Negative Nonspecific changes | Negative Negative 
PH-1 1.0 X 10° | Minimal Nonspecific changes Negative Negative 
PH-16 1.0 X 10° | Minimal Nonspecific changes Negative Negative 
Part Bt 
N-PH 20 2.0 X 107 Negative Negative Negative Not done 
PH-21 2.0 KX 10° Minimal Nonspecific changes Negative Negative 
Av. 300 2.0 K 10° Minimal Negative Negative Positive 


* Eachof 5 guinea pigs received as an inoculum 1.0 ml. of the diluted culture containing the number 
of organisms per ml. indicated in the table. The results tabulated are based upon total numbers of ani- 
mals except where indicated. 

+ Part A—Infection of guinea pigs by the subcutaneous route with known and atypical strains. 

t Part B—A limited repeat study using representative organisms inoculated intraperitoneally into 
guinea pigs 

PH—represents phctochromogen. 

N-PH—represents nonphotochromogen. 

Av.—represents avian strains. 


leukocytic infiltration, and hyperemia. “Early the animals, but the macroscopic and micro- 


tuberculosis”” was used to describe tissues which scopic involvement found in hamsters and mice 


contained acid-fast bacilli but which did not did not approach the extensive disease produced 


show progression to epithelioid tubercles. Micro- 
scopic lesions described as granulomas refer to 
circumscribed regions composed of epithelioid 
cells with peripherally located lymphocytes and, 
occasionally, fibroblasts. These have been de- 
scribed as either small or large granulomas and 
are considered the same as epithelioid or “hard” 
tubercles. If the central portion of the granulomas 
had undergone cascous necrosis, the lesion was 
described simply as a granuloma with caseation. 

\typical acid-fast organisms produced very 
little evidence of disease in chickens and guinea 
pigs. The photochromogens did, however, pro- 
duce extensive disease in hamsters and mice, 
whereas the nonphotochromogen (strain 20) 
produced very slight, if any, disease in any of the 
test animals. Although .1/. tuberculosis failed to 
produce the extensive disease expected in mice, 
it cid produce characteristic disease in guinea 
pigs and hamsters: all of these animals died 
within the test period. /ycobacterium avium was 


found to eause some degree of disease in all of 


by the photochromogens. 

Experiment IT: An extended investigation com- 
paring the virulence of avian and atypical strains 
of mycobacteria for chickens. The results of this 
experiment may be seen in table 6. It is immedi- 
ately evident that known avian strains of myco- 
bacteria produce extensive, progressive disease in 
chickens under the conditions of this study. At 
the time of sacrifice, the livers and spleens were 
grossly involved, and microscopic examination 
invariably revealed large caseous granulomas. 
The lesions were filled with acid-fast bacilli, and 
in some instances it might be said that the tissue 
was replaced by acid-fast organisms. 

In striking contrast to this very 
involvement due to avian mycobacteria was the 


extensive 


degree of disease produced by the atypical acid- 
fast organisms in which gross findings were 
negligible and microscopic disease, when present, 
was indicated by small circumscribed granulomas 
without caseation. Acid-fast bacilli were not de- 
tected in the tissues nor could they (with the 
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INFECTION 


Viable Units 


per 
Part Af 
VW. tuberculosis 5.0 X 10° 
Av. 297 5.0 & 108 
V phlei 1.0 10 
WV. smeqmatis Xx 
N-PH 20 1.0 X 10) 
PH-4 1.0 10) 
PH-21 1.0 10) 
PH-1 1.0 10° 
PH-16 1.0 10) 
Part Bt 
N-PH 20 2.0 
PH-21 2.0 108 
Av. 300 2.0 X 10° 


TABLE 4 


HAMSTERS WITH 


Gross Disease 


Extensive; 


all died 


Negative 
Negative 
Negative 
Negative 


Minimal 
Extensive 
Extensive 
Extensive 
Negative 
Extensive 


Negative 


KNOWN 


AND ATYPICAI 


Histopathology 


Nonspecific 
changes; 
granulomas 

Granulomas 

Negative 

Negative 

Nonspecifie 
changes and 
small granu 
lomas 

Granulomas 


small 


Granulomas 
Granulomas 
Granulomas 


Nonspecific 
changes 

Granulomas; 
calcification 


Not done 


some 


MYCOBACTERIA 


Recovery on 


\cid-fast Culture of 


Presence of 


Bacilli 


Spleen 
Numerous Not done 
Sparse Positive 
Negative Negative 
Negative Negative 
H, and nega Positive 
tive; H 
sparse 
Numerous Positive 
Numerous Positive 
Numerous Positive 
Numerous Positive 
Negative Positive 
Negative Positive 


Negative Not done 


* Each of 3 hamsters received as an inoculum 1.0 ml. of the diluted culture containing the number of 


organisms per ml. indicated in the table. The results tabulated are based upon total numbers of anim: 


except where indicated. 


Part A 
t Part B 
PH—represents photochromogen. 


N-PH 
\ represents avian strains. 


H, or H 


INFEC TION OF 


( — Viable Ur 
per Ml 
Part Af 
VU. tuberculosis 5.0 X 
Av. 207 5.0 & 
WV. phle 1.0 xX 
WV. smeqmatis 1.0 X 
N-PH 20 1.0 X 
PH-4 1.0 
PH-21 1.0 X 
PH-1 1.0 X 
PH-16 1.0 
Part Bt 
N-PH 20 2.0 X 
PH-21 2.0 X 
Av. 300 2.0 
Keach of 


Mice 


10’ 
10° 
10 


represents nonphotochromogen. 


\ limited repeat study using representative organisms 


, et cetera, refers to one particular hamster inoculated with various mycobacteria 


TABLE 5 


WITH 


Gross Disease 


Minimai 


Negative 
Negative 
Negative 
Negative 
I-xtensive 
kixtensive 
Iixtensive 
iixtensive 


Negative 
Extensive 
Iixtensive 


10 mice received as an inoculum 0.40 ml 


KNOWN 


Histopathology 


tuberculosis; 


Early 


AND ATYPICAL MyYcoBACTERIA 


Infection of hamsters by the intraperitoneal route with known and atypical strains 


Recovery 
Culiure of 
Spleen 


Presence of Acid 
fast Bacilli 


Numerous Positive 


nonspecific changes 


CGranulomas 
Negative 
Negat ive 
Negative 
Granulomas 
Granulomas 
Ciranulomas 
Granulomas 


Negat ive 
CGranulomas 
CGranulomas 


Positive 
Negative 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 


Numerous 
Negative 
Negative 
Sparse 
Numerous 
Numerous 
Numerous 
Numerous 


Negative Positive 
Negative 


Numerous 


Positive 
Not done 


of diluted culture containing the number of or 


ganisms per ml. indicated in the table. The results tabulated are based upon total numbers of animals 


except where indicated 
Part A 
Part B 


N-PH 
\ 


\ represents avian strains 


represents photochromogen 


represents nonphotochromogen 


\ limited repeat study using representative organisms 


SSO 


Infeetion of Swiss-Webster mice by the intravenous route with known and atypicel strains 
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TABLE 6 
INFECTION OF CHICKENS* wiTH AVIAN AND ATYPICAL MYCOBACTERIA 


Recovery on 


Culture Gross Disease Histopathology Presence fast Culture of 
Spleen 
Av. 297 10x 10 Extensive Granulomas with Teeming Positive 
caseation 
Av. 298 3.5 X 10 Extensive Granulomas with Numerous Positive 
caseation 
Av. 299 3.0 X 10 Extensive Granulomas with Teeming Positive 
caseation 
Av. 300 6.0 X 10 Extensive Granulomas with Teeming Positive 
caseation 
Av. Faisan II 9.0 X 10 Extensive Granulomas with Teeming Positive 
caseation 
Av. Fonteau 1.0 X 10°. Extensive Granulomas with Teeming Positive 
caseation 
Av. 10908 7.0 X 10 Extensive Granulomas with CH-1—sparse ; Positive 
caseation CH-2—numer- 
ous 
Av. 1052Bt 2.0 X 10° Extensive Granulomas with Teeming Positive 


caseation 


Av. 10435 1.5 & 10° Minimal Granulomas with Numerous Positive 
caseation 

PH-1 1.5 X 10 Negative Small granulomas Negative Negative 

PH-4 7.5 X 10° CH-1l—mini Small granuiomas | Negative CH-1—posi- 


tive; CH-2 
negative 
Negative 


mal; CH-2 
negative 
PH-16 9.0 XK 10 CH-1—nega 
tive; CH-2 
positive 


CH-1—negative; Negative 
CH-2—small 


granulomas 


PH-22 5.0 K 10° Negative Negative Negative Negative 
N-PH 3 1.0 X 10° Negative Negative Negative Negative 
N-PH 7 7.0 X 10 Negative Small granulomas Negative Negative 
N-PH 20t 5 X 105 Negative Small granulomas Negative Negative 
N-PH 23f 2.0 KX 10° Negative Negative Negative Negative 


* White Leghorn pullets and cockerels, 3 to 4 weeks old, were used in this experiment. 

+ Each of 2 chickens received as an inoculum 0.40 ml. of diluted culture (intravenous except where 
indicated by a f, then subcutaneous) containing the number of organisms per ml. indicated in the 
table. The results tabulated are based upon total numbers of animals except where indicated. 

PH—represents photochromogen. 

N-PH—represents nonphot ochromogen. 

(v.—represents avian strains. 
exception of one positive culture) be reeovered DiscussION 
by culture of splenic homogenates. 
rhe contributions made by this study to the 
Che differences in lesions produced by avian 

; results already reported by Timpe and Runyon 
(1), Buhler and Pollak (6), and Solotorovsky and 
associates (10) are threefold. The comparison in 


and atypical mycobacteria are indicated in figures 
land 2. Any differences in the extent of disease 
produced in this experiment and in those observed ; a 
with avian organisms in Experiment I are most one experiment of the virulence of various types 
likely attributable to the different 


inoculation (table 7). 


route of mycobacteria in guinea pigs, mice, hamsters, 
and chickens allows a better evaluation of the 


Tuberculin tests with avian tuberculin were 
done on chickens infected with avian and atypical 
mycobacteria; however, the results were irregular 


and inconelusive 


relative virulence of these strains. 
Second, the determination of the challenge 
inocuium in terms of viable units of the various 


strains used gives a more accurate basis for com- 
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Fic. 1. Microscopie section of chicken spleen showing the extensive tissue damage produced by 
V. avium. A granulomatous tissue response with central caseous necrosis characterizes this typical 
splenic involvement. (Hematoxylin and eosin stain, X 100) Masses of acid-fast bacilli were found in 
these lesions when stained by the Aubert method. 


Fic. 2. Microscopie section of chicken spleen showing the maximal tissue involvement produced by 
a photochromogen. The few lesions that are present are epithelioid tubercles. Note tubercle left of cen 
ter. (Hematoxvlin and eosin stain, X100) No acid-fast bacilli could be detected in these lesions when 
stained by the Aubert method. Nonphotochromogens were found to produce the same, and frequently 


less, tissue invelvement than photochromogens. 
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COMPARATIVE PATHOGENICITY 
TABLE 7 
SuMMARY OF Data PRESENTED COMPARING THE 
PATHOGENICITY OF VARIOUS MYCOBACTERIA 


FOR THE Species oF ANIMALS TESTED 
Guinea Ham- 
Chicken Pi ster Mouse 


M. tuberculosis 

Nonphot ochromogens + 

Photochromogens + 

Saprophytes 
VW. phlei 


WU. smegmatis 


+ 


- 


Progressive disease resulting in death of all 
of the animals in a particular group is indicated 
by +++; extensive gross disease without a fatal 
outcome by ++; microscopic disease only, by +; 
and microscopic disease in some, but not all, of 
the animals in a particular group, by +. 

One strain each of M. phlei, M. smegmatis, 
and M. tuberculosis was used for the inoculation 
of chickens, guinea pigs, hamsters, and mice. 
One nonphotochromogenic and three photochro- 
mogenic strains were used for inoculation of 
guinea pigs, hamsters, and mice. Nine avian 
strains, four photochromogenic, and four non 
photochromogenic strains were tested in chickens. 


paring the results of these experiments with the 
results of experiments by other investigators in 
which the challenge inoculum is determined on 
the same basis. Finally, inclusion of similar 
inocula of known strains of nonvirulent myco- 
bacteria (1/. phlet and A/. smegmatis) is a con- 
trol on the extent of pathology produced by 
these organisms. 

The first experiment, in which chickens, guinea 
pigs, hamsters, and mice were infected with 
known and atypical strains of mycobacteria, is 
essentially «a preliminary experiment. The results 
largely substantiate the observations of a number 
of other workers and give an indication of the 
animal pathogenicity of the organisms being used 
for the present study 

The second experiment was designed to offer a 
more critical examination of animal pathogenicity 
by comparing the virulence of avian and atypical 
mycobacteria for chickens. The results indicate 
that there is a striking difference between the 
extent of disease caused by avian mycobacteria 
and that 
bacilli. This finding would not support a conten- 


produced by the atypical acid-fast 
tion that atypical mycobacteria, and especially 
the nonphotochromogens, are closely related to 
virulent avian mycobacteria. The possibility of 
the atypical organisms being attenuated avian 
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strains is, of course, not excluded by the present 
study. 

The reasons for considering a relationship of 
avian and nonphotochromogenic mycobacteria 
have been cited previously. The most suggestive 
evidence relating the two organisms has been 
provided by Froman (12) and Smith and his 


co-workers (13). Froman has observed a _re- 
sistance of nonphotochromogens and avian 


tubercle bacilli to lysis by mycobacteriophage. 
Photochromogens have been found susceptible to 
lysis by phage and are thus distinguished from 
the above organisms. Smith and Randall, utiliz- 
ing methods of chromatography and _ infrared 
spectroscopy, have found still another similarity 
between nonphotochromogens and avian myco- 
bacteria. They have isolatea an spectroscopi- 
cally characterized a specific glycolipid-peptide, 
designated “Jav,” from some avian strains and 
from nonphotochromogens. 

This evidence, suggesting a relationship be- 
tween nonphotochromogens and some avian 
tubercle bacilli, is neither rejected nor augmented 
on the basis of animal pathogenicity studies. 
However, nonphotochromogens were found to be 
much less virulent than avian strains for the 
chicken as well as for the other experimental 
animals used in this investigation. This lower 
virulence may account for the frequent finding of 
nonphotochromogens in human disease in which 
pathogenicity appears to be enhanced by some 
predisposing factor. Thus, the organisms showing 
perhaps the greatest resemblance based on all of 
the available data are the most dissimilar when 
their pathogenicity is measured. A link between 
avian and atypical mycobacteria could have been 
furnished by nonphotochromogens, but such a 
relationship has not been supported by the study 
presented herein. 

Since different methods and courses of investi- 
gation have yielded evidence relating atypical 
mycobacteria in one instance to virulent types 
such as VW. tuberculosis and VM. avium and, in the 
other, to saprophytic types such as J/. phlei or 
M. smegmatis, it would seem best at the present 
time to consider the atypical mycobacteria as an 
independent group of organisms with no obvious 
relationship to either virulent mammalian, avian, 


or saprophytic mycobacteria. 


SUMMARY 


Various strains of mycobacteria were compared 
for their capacity to produce disease in a selected 


} 
| 


SS4 DURR 
group of animals. Special attention was directed 
toward a comparison of avian and atypical myco- 
bacteria, using the chicken as the host. The re- 
sults of this study are in accord with the observa- 
tions of other investigators regarding the patho- 
and 
atypical mycobacteria for chickens, guinea pigs, 


genicity of human, avian, saprophytic, 
hamsters, and mice. 

Wycobacterium tuberculosis and avium pro- 
duced typical progressive disease in the respective 
susceptible animals. Saprophytes did not produce 
any demonstrable disease in the animals, but .1/, 
smegmatis was recovered from the spleens of a 
number of mice and guinea pigs. 
caused 


The photochromogens regularly pro- 


gressive disease in hamsters and mice, although 
none died of the infection within the eight-week 
test 


chromogens produced very little disease, 


period. Photochromogens and nonphoto- 
if any, 
in the chicken, whereas avian tubercle bacilli 
produced extensive disease in this animal. Non- 
photochromogens were much less virulent for 
any of the test animals than were the photo 
chromogens 

Che results of this animal pathogenicity study 
that, if 


nonphotochromogens are related to 


suggest atypical mycobacteria and 
especiall 


avian mycobacteria, they are most certainly very 
attenuated avian strains. 
The findings of this investigation are discussed 


in relation to the observations of other workers. 


SUMARIO 


Comparacion de la Virulencia de Varias Mico 


bactertas Conecidas y 


Pollos 


lfipicas para 


Cobayos, Cricetos y Ratones 


Se compararon varias cepas de micobacterias en 


cuanto a su capacidad patogena en un grupo 


seleecionado de animales. Se presté atencién en 


particular a una comparacién de micobacterias 
aviarias vy atipieas, usando el pollo como huésped 
Los resultados de este estudio convienen con las 
observaciones de otros investigadores con respecto 
a la p ittogenicidad de las micobacterias humanas, 
Ss iprofitas \ atipiceas pollos, cobavos, 
cricetos ratones 


kl culosis y el M 


produjeron tipiea enfermedad evolutiva en los 


tube arium 


respectivos animales susceptibles. Los saprofitos 


no produjeron ninguna enfermedad observable et 


los animales, pero se obtuvo el MW. smegmatis de 
los bazos de varios ratones v cobavos 


Los fotocromégenos provecaron con regularidad 


SMITH, 
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enfermedad evolutiva en los cricetos y los ratones 
aunque ninguno de éstos sucumbié de la infeecién 
en el periodo de ocho semanas de ensayo. Los 
fotocromégenos y los anafotocromégenos produ 
jeron muy poca, o ninguna, enfermedad en el 
pollo, en tanto que los bacilos tuberculosos avia 
rios produjeron extensa enfermedad en este ani 
mal. Los anafotocromégenos fueron mucho menos 
virulentos que los cromégenos para todos los 
animales de ensayo. 

Sugieren los resultados de este estudio de la 
patogenicidad para los animales que, si las mico 
bacterias atipicas y en particular las anafoto 
cromégenas estén relacionadas con las aviarias, 
son con toda certeza cepas aviarias muy ate 
nuadas. 

Se diseuten los hallazgos de esta investigacién 


en relacién con las observaciones de otros técnicos 


RESUME 


Comparaison de la virule nce de diverses muyco 


~ la poule, 


bactéries connues et atypiq wes che 


le cobaye, Uhamster et la souris 


Le pouvoir pathogéne sur certains animaux de 
diverses souches de mycobactéries a été comparé 
En utilisant la poule comme héte, les mycobac 
téries aviennes et aty piques ont été étudiées avec 
grand soin. Les résultats de ces études correspon 
dent aux observations faites par d’autres auteurs 
concerne le pouvoir pathogene des 


en ce qui 


mycobactéries humaines, aviennes, saprophy 


tiques et atvpiques chez la poule, le cobayve, 
hamster et la souris 
tuberculosis et le M 


ont produit une affection progressive typique chez 


Le mucobacte aviun 


les divers animaux sensibles. Des saprophytes 
n’ont produit aucune maladie apparente chez ces 
animaux, mais WV. s negniatis fut retrouvé dans la 
rate d’un certain nombre de souris et de cobayes. 

Les souches photochromogénes ont produit avec 
régularité, une maladie progressive chez hamster 
et lasouris, bien qu’aucun animal n’ait suecombé 
Vinfection pendant les huit semaines de l’épreuve. 


Les 


n’étaient 


souches photochromogénes et celles qui 


pas photochromogétnes n’ont produit 


qu’une maladie trés atténuée chez la poule, et 


parfois méme aucune réaction, alors que les 


bacilles tuberculeux aviens causaient une maladie 


grave chez cet animal. Les souches non-photo 


chromogénes étaient beaucoup moins virulentes 
chez tous les animaux inoculés que les souches 
phot ochromogénes 

Les résultats de cette étude du pouvoir patho 
gene chez Vanimal indiquent que si les myco 
bactéries atypiques et plus particuliére ment les 


mycobactéries non-photochromogénes —sont ap 
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COMPARATIVE 


parentées aux mycobactéries aviennes, ce sont 


tres certainement des souches aviennes trés 
atténuées. 
Les résultats de cette étude sont comparés aux 


travaux d’autres auteurs. 
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FURTHER STUDIES ON GEL DIFFUSION TESTS IN TUBERCULOSIS’ 


I. Methods for Standardization of the Antigen and Detection of Small Amounts of Antibody 


ROBERT C. PARLETT ann CAROLYN A. REHR 


(Received for publication May 7, 1959) 


INTRODUCTION 


The results obtained from the testing of 1,097 
specimens of serum from tuberculous and 555 
specimens from nontuberculous persons using a 
gel double-diffusion precipitin test have been re- 
ported (1). In that study, when an arbitrary 
means of assessing the degree of positive re- 
actions as 1, 2, 3, and 4-plus was used, it was 
noted that the majority of positive reactions ob- 
tained in testing serum from tuberculous persons 
were relatively weak. This quasi-quantitative 
scheme was based on the number of precipitate 
bands and the amount of precipitate present, ac- 
cording to interpretations derived from two 
assumptions which frequently appear in the lit- 
erature (2-6). These assumptions are: (/) The 
total number of precipitate bands observed in a 
gel diffusion precipitation system is indicative of 
the minimal number of visible antigen-antibody 
complex lattice formations present; (2) the visi- 
bility of the antigen-antibody complex is directly 
related to the volume of antibody participating 
in the formation of the complex. 

One purpose of this report is to test the validity 
of the second assumption and consequently the 
method used for recording the degrees of positive 
reactions encountered in testing serum from tu- 
berculous persons. 

A second purpose of this report is to describe a 
technique which can be used to increase the sensi- 
tivity of the test and, therefore, may assist in 
overcoming difficulties which might be encoun- 
tered in practical clinical use of the gel diffusion 
test because of the predominance of rather low 
levels of antibody in serum from tuberculous 
persons. 

The antigen mixture used in the gel diffusion 
test is difficult to standardize (1). Therefore, a 
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new technique is needed which would ensure that 
the activity of two different antigen preparations 
would be comparable. One means of accom- 
plishing this end is presented in this paper. 


MATERIALS AND METHODS 


The methods used were variations of the pro- 
cedures given in other reports (1, 7). Soft glass 
tubes, 10 em. long with an internal diameter of 
0.3 mm., were employed. The internal surface of 
the tubes was coated with a thin film of 0.1 per 
cent agar (prepared with distilled water) before 
use. 

The first agar layer was prepared by using 2 
per cent melted sterile purified agar*® to dilute 
antigen or antiserum to the desired concentration. 
The first agar column, 3.0 em. in length, was 
added to the tubes with a sterile Wintrobe 
pipette. A second layer, 0.75 em. in depth and 
consisting of 1 per cent purified agar,’ was then 
placed over the first layer. This second agar 
column contained no reagent and served as the 
area where antigen-antibody complex formation 
was observed. When the second had gelled, either 
serum or antigen, again dependent upon the test 
situation, was used to fill the remainder of the 
double-diffusion tube. A schematic illustration of 
a reaction tube with its component columns is 
shown in figure 1. 

The filled tubes were 
covered container (beaker or mason jar) at 37° C. 
All tests were observed at twenty-four-hour inter- 
vals for seven days, and the number of clearly 
defined precipitate bands in each tube was ob- 
In some cases the actual number of ob- 
served bands recorded. In other 
which comparisons were made, however, the reac 
tions were recorded only in terms of 1 to 4-plus 
(1). 

In the replacement technique, used to increase 
fresh reagent was used at 


incubated in a clean 


served. 


was eases in 


intensity of reactions, 
regular intervals to replace the material overlying 
the second agar column. The time of this reagent 
replacement varied with the individual test situa- 


tions. Amplification of these techniques will be 


Prepared with 0.01 molar phosphate buffer of 
pH 7.5 and with 1.0 molar glycine (CP). 
S. Aloe and Company, St. Louis, Missouri. 
>The 2 per cent phosphate buffered agar used 
in the first column was diluted to 1 per cent with 
0.9 per cent saline. 


L | 
) 
l 
th 
de 
te 
on 
dk 
tw 


ody 


re that 
rations 
uecom- 


pro- 
t glass 
eter of 
face of 
).1 per 
before 
sing 2 
dilute 
ration. 
1, Was 
ntrobe 
h and 

then 
| agar 
us the 
nation 
either 
1e test 
of the 
ion of 
nns is 


clean 
37° C. 
inter- 
‘learly 
as ob- 
of ob 
ses in 
reac 


{-plus 


crease 
sed at 
rlving 
‘agent 
situa- 


ill be 
ffer of 
souri. 


4 used 
t with 


GEL 


10 cu. 


| 


double-diffusion 


Fic. 1. Diagram of the gel 


component columns 


given later in the body of this paper, when the 
situations to which they apply arise. 

The antigens and rabbit antisera employed in 
these investigations were prepared according to 
the methods mentioned in previous publications 
1, 8). The H37Ra strain of Mycobacterium tuber- 
culosts was used for all antigen preparations. 


RESULTS 
The following experiment was undertaken to 
determine whether the single precipitate bands 
recorded as 1-plus reactions in the gel diffusion 
tests truly were a reflection of the presence of 
only small amounts of antibody. 


tabbit antiserum which consistently produced 
6 separate and distinct bands of precipitate in gel 
double-diffusion reactions was prepared in 10 
twofold dilutions. Each of the 10 dilutions was 
used as a separate test serum in a gel diffusion 
test. At the same time, a large number of tests 
were set up with undiluted specimens of serum 
from tuberculous persons. All tests were observed 
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Undiluted serum 


Neutral agar 


+} Antigen-agar mixture 


tube showing the relationship between the three 


and compared at daily intervals throughout the 
seven days of incubation. Undiluted rabbit anti- 
serum gave a 4-plus reaction characterized by 
6 precipitate bands. Only 8.2 per cent of 801 posi- 
tive tests obtained with serum from tuberculous 
persons (1) gave reactions similar in appearance 
to that obtained with undiluted rabbit antiserum. 
Furthermore, it was noted that, as the dilutions 
of the rabbit antiserum increased, the precipita- 
tion patterns simulated the 3 (9.3 per cent), 2 
(21.0 per cent), and 1 (61.5 per cent )-plus reactions 
frequently observed with human sera giving posi- 
tive gel diffusion test reactions (1). 

Therefore, since the various degrees of positive 
test reactions could be duplicated by diluting the 
t-plus rabbit antiserum in tests in which all other 
reagents were held constant, the second assump- 
tion as given in the Introduction appears to be 
valid and, therefore, justifies the method used for 
recording degrees of positive reactions. 


Since it did appear that sera from most humans 


| 
| | 
| | & 
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naturally antigenized through infection with 
Mycobacterium tuberculosis contained — small 


amounts of specific antibody, a means was sought 
for increasing the magnitude of these positive re- 
actions. The method 
moving and discarding the serum in the gel diffu- 
sion test at regular intervals during incubation 
and replacing it with unused serum. Theoret- 
ically, as will be pointed out in the Discussion, 
this technique should result in an intensification 


evolved consisted of re- 


of the precipitate bands. 


Six twofold dilutions of rabbit antiserum were 
prepared, and each serum dilution was used in a 
gel diffusion test. All tubes were observed at each 
twenty-four-hour interval, and fresh serum dilu- 
tion was used to replace the initial serum in each 
test. At the end of five days, serum had been re- 
placed four times in all tests of each dilution of 
serum. The number of bands observed in tests of 
each dilution on each day of incubation is given 
in table 1. This experiment was performed three 


TABLE 1 
REPLACEMENT 


or ANTISERUM TEstTs 


H37Ra System H37Rv System 


Antiserum Number of Bands Number of Bands 
Dilution per Incubation Day per Incubation Day 

1 2 3 4 5 1 2 3 4 5 

Undiluted * 
13:2 "is 6 6 

1:4 

1:S 

1:16 4 

1:32 0 O l 2 2 0 0 O l 2 

1:64 1 


* Due to continuous accumulation of antigen- 
antibody complexes, bands very 
heavy, coalesced, and could not be counted. 


these became 
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imes with both H37Rv and H37Ra antigen and 
espective antibody with similar results. 


Considering the H37Ra reactions noted in 
table 1, it is apparent that only after forty-eight 
hours of incubation both the 1:2 dilution and the 
undiluted rabbit serum showed the maximum of 
6 clearly discernible bands of precipitate. At 
seventy-two hours, however, the precipitate in 
the undiluted serum tubes had become so voiu- 
minous that the separate bands could not be 
counted. The maximal reaction was seen in the 
1:4 dilution tubes at this time. At ninety-six 
hours the maximal reaction was observed in the 
1:8 as well as in the 1:4 dilution tubes. This 
pattern of uniform progression of maximal re- 
action through a series of serially diluted speci- 
mens of serum was similarly observed with the 
H37Rv system. Figure 2 is a photograph of the 
H37Ra antigen and antibody reactions at the 
third day of incubation. From this photograph, 
the gradual decrease in both number and inten- 
sity of precipitate bands can be seen as the serum 
is diluted. The third tube (1:8 dilution) shows 
the maximal countable number of bands at this 
time. 

Since the serum-replacement technique could 
produce a progression of maximal reaction 
through a series of diluted sera as shown above, it 
was decided to test this technique as a possible 
means for increasing sensitivity of the gel diffu- 
sion test for detecting antibody in low-titer hu- 


man sera. 
Twenty-one pooied human serum specimens 
were prepared, each specimen containing serum 
from 15 to 28 individual patients. These pooled 
serum samples were set up in gel diffusion tests 
as follows: Another triplicate set of 21 tubes each 
was prepared in the routine manner, using a 2:1 
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fold dilution of antibody was employed 


(32 £128 


2. Precipitation reactions after three days of incubation in 7 gel diffusion tubes when a two 


~ 


= 
| 
} 
| 
| thi 
pla 
dai 
ser 
tor 
em 
sult 
4 re 
tabl 
tain 
test 
20 
LO 
seru 
hour 
re ¢ 
place 
react 
th 


and 


d in 
eight 
1 the 
m of 

te in 
voiu- 
be 
1 the 
V-six 
n the 
This 
il re- 
speci- 
h the 
f the 
t the 
raph, 
nten- 
erum 
shows 
t this 


ce yuld 
ction 
ve, it 
ssible 
diffu- 
hu- 


imens 
serum 
ywooled 
| tests 
s each 
a 2:1 


a two 


~ 


GEL DIFFUSION 
TABLE 2 

{eESULTS* oF Get Dirrusion Serum REPLACE- 

MENT Tests Ustnc PooLep HumMan-SeruM 
SPECIMENS 


=, 

l 0 3+ 2+ 
2 1+ 3+ 2+ 
3 1+ 2+ 2+ 
4 0 3+ 1+ 
5 0 1+ l 

6 0 2+ 0 
7 0 2+ 0 
8 0 3+ 2+ 
9 1+ 3+ 2+ 
10 1+ 2+. 1+ 
1] 1+ 3+ 2+ 
12 0 0 0 
3 0 1+ 0 
14 1+ et 1+ 
15 0 3+ 1+ 
16 0 2+ 1+ 
17 1+ 3+ 2+ 
18 0 2+ 1+ 
19 1+ 3+ 2+ 
20 ] = 3+ 2+ 
21 1+ 2+ 1+ 


* Given in terms of 1- to 4-plus reactions. 


+ Contrel series. Serum was not replaced in 
this set of tests. 
t Set up identically to I, but serum was re- 


placed in each tube daily for 5 days. 
§ Set up as I and II, except the center column 
2.0 Serum was changed 


increased to em. 


daily for 5 days. 


Was 


ratio of antigen to agar in the base layer, and 
served as a control set. The average of the reac 
tions observed in the triplicate tests in this set 
is given in column 1 of table 2. Three other sets 
of tubes were similarly prepared. The center 
column in both the first and second sets was 1.0 
em. long. In these latter 3 sets of tubes, however, 
fresh serum was used to replace the serum layer 
it twenty-four-hour intervals. The average re- 
sults from the triplicate tests in this second set 
ie given in column 2 of table 2. Column 3 in 
table 2 represents the average of the results ob- 
tained from a third triplicate set of tubes. The 
in this third set were performed with a 
20 em. center diffusion column rather than the 
1.0 em. column as used in sets 1 and 2, and the 
serum in this set was also replaced at twentyv-four- 


tests 


hour intervals. 


When the three columns of figures in table 2 
are compared, it becomes evident that serum re- 
placement did effect an increase in magnitude of 
reaction. This was found to be more evident in 
the second set of tubes, in which the diffusion 
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column was maintained at 1.0 em. and serum was 
replaced at twenty-four-hour intervals, than for 
the third set of serum replacement tubes, in 
which the length of the center column was in- 
creased to 2.0 cm. 

Since the only variable between the tests which 
produced the results given in column 2 and the 
tests responsible for those in column 3 was the 
increased length of the center column, it would 
seem that the more marked reactions seen in col- 
umn 2 were due to the shorter reaction column. 
This observation is consistent with that of Wilson 
(9) who found that the shorter the distance of 
diffusion the greater was the sensitivity of the 
test. 

It is noteworthy, however, that, even with the 
increase in length of the center column, final 
test readings given in column 3 exceed those in 
column 1, indicating that the mechanism of 
serum replacement would be an effective simple 
method to use for enhancing gel diffusion reac- 
tions with serum of low antibody titer. 

The third purpose of this report is to present a 
technique which could be used to determine 
whether the effectiveness of two antigen prepara- 
tions prepared at different times would react in a 
comparable way in gel diffusion tests. Initially, 
newly prepared and old antigen preparations were 
tested against a reference rabbit antiserum, and 
the reactions obtained with both were compared. 
From such visual comparisons it was possible to 
determine approximately if the two aliquots of 
antigen were of nearly equal precipitating po- 
tency. However, since antigen excess effects were 
much more evident in testing low-antibody titer 
serum as compared with high-antibody serum, a 
more sensitive means of comparing the precipi- 
tating activity of two batches of antigen is 
needed. This was accomplished as follows. 


Each batch of antigen was serially diluted, and 
each dilution was used as the reagent to be placed 
over the second agar column in the tubes. The 
base agar column of each test tube consisted of a 
t:1 ratio of rabbit antiserum to 2 per cent agar. 
Care was taken to maintain uniformity of height 
in all agar columns. These tests were incubated, 
the number of bands per tube per day recorded, 
and the antigen dilutions were replaced in ex- 
actly the same way as in the serum replacement 
experiment described above. 


It may be seen in table 3 that several antigen 
effects could be observed in such a series of tests. 
It was possible to follow the progression of maxi- 
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TABLE 3 
Resutts or ANTIGEN REPLACEMENT TEsTs 
H37Ra System* H37Rv System* 
Antigen Number of Bands per Number of Bands per 
Dilution Incubation Day Incubation Day 


Undiluted 
1:2 6 6 6 4 
1:4 5 
1:8 l 
1:16 
1:32 
1:64 1 113/323 
1:128 
1:256 
1:512 1 


\ 4:1 ratio of immune rabbit serum to agar 
was used as a diffusion source for antibody in all 
tubes. 
mal and minimal antigen-antibody reactions 
through the series of diluted antigens from the 
first to the fifth day of incubation. Furthermore, 
because dissolution of some precipitate by excess 
antigen was observed, it was also possible to 
follow antigen excess levels in a similar manner. 

If the results of the H37Ra series are considered 
table 3), it would appear that excess antigen in 
the undiluted antigen tests inhibits maximal re- 
action in less than twenty-four hours; therefore, 
the maximum of 6 precipitate rings was never 
seen in tests using undiluted antigen. When anti 
gen was diluted 1:2, the observed excess antigen 
effect. was decreased so that the last maximal re- 
action was recorded on the third day and after 
two replacements of the 1:2 antigen dilution. 
With more time and after replacing the antigen a 
third time, sufficient excess antigen apparently 
diffused into the second layer and effected disso- 
lution of two of the six antigen-antibody com 
plexes. The time of appearance, as well as the 
duration of maximal reaction, was nearly com 
parable with the 1:2 dilution in the 1:4 dilution 
system, although perhaps slightly slower in rate 
as suggested by the difference of 2 bands in the 
1:2 dilution tube and a single band in the 1:4 
dilution tubes at twenty-four hours. In the other 
dilutions, greater than 1:4, it may be seen that 
the optimal reactions appeared successively later 
day by day. The experiment was terminated on 


the fifth day, at which time a single precipitate 
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band was apparent in the tubes prepared with an 
antigen dilution of 1:256. This reaction was com- 
parable in appearance with the single band ob- 
served in the 1:4 antigen dilution tube at twenty- 
four hours of incubation. In general, the pattern 
of reactions observed with the H37Rv series was 
comparable with the H37Ra tests. 

Therefore, since these antigen dilution experi- 
ments demonstrated that a direct relationship 
existed between antigen concentration and the 
degree of positive reaction encountered in gel 
diffusion systems, such a simple titration pro- 
cedure would comprise a useful means for com- 
paring precipitating potency possessed by sep- 
arate preparations of antigen. The same principles 
involved in the optimal proportions tests, as used 
flocculation procedures, 


in antigen-antibody 


govern this type of titration. 
DiscUSSION 


The recent evaluation study of a gel double- 
diffusion precipitation technique demonstrated 
that specific antibody was frequently present in 
serum from tuberculous patients (1). When the 
quantitative aspects of the gel double-diffusion 
reactions were considered, it was noted that this 
antibody was most often present in relatively 
small amounts. The experiment in which dilutions 
of 4-plus positive immune rabbit serum were used 
to duplicate the various degrees of positive re- 
actions encountered in testing positive human 
sera has experimentally confirmed the validity 
of this observation. 

Gel diffusion techniques apparently are of 
greater sensitivity in detecting low concentra- 
tions of antibody than are the ring precipitation 
tests. Recently, Wilson (9) has quantitatively 
measured the extent of this greater sensitivity of 
gel double-diffusion systems. In addition, he has 
outlined of the 
which regulate this sensitivity. Wilson deter- 
mined that, under certain well-defined conditions, 
the magnitude of the difference in sensitivity of 


also some mechanical factors 


the gel diffusion test over the ring test is nearly 


fourfold. This greater sensitivity possibly ex- | 


plains why the gel double-diffusion precipitation 
technique appears to be more satisfactory for 
the detection of antibody in human sera to myco- 


bacterial antigens. \ precipitating serologie tech- ; 


nique, in order to be diagnostically useful, must 
produce sufficient antigen-antibody complex to be 


visible. There is, therefore, a minimal quantity of 
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Artigen | Antibody 4) 


Gel Double Diffusion Tube 


Fic. 3. A diagrammatic illustration of the dvnamies of gel double-diffusion tubes and of how precipi- 


tation develops. 


antibody which will produce a visible reaction 
with the antigen preparation emploved. Anti- 
body which appears in serum in concentrations 
below this minimum may still combine with anti- 
gen but will not produce a visible reaction. In 
effect, a threshold of visibility in any antigen- 
that is 
primarily governed by the volume of antibody in 


antibody precipitation system exists 
the precipitate. 

This generalization can be related to the double 
diffusion precipitation by means of the schematic 
illustration represented by figure 3. The parabolas 
Fand B represent the concentration gradients of 
two different antibodies, respectively, as they 
diffuse through the agar medium. The parabola A 
represents a similar concentration gradient of two 
different antigens specific for antibodies F and B. 
\lthough its actual 
likely, the assumption can be made that these 


occurrence would be un- 
two antigens are of equal diffusibility and are 
present in equal concentrations. This assumption 
simplified the diagram and permits the single 
parabola to represent two different antigens. The 
broken line E represents the threshold of visi- 
bility governed by antibody concentration as 
Below 


discussed 
bility, even though optimal proportions of com 


above. this threshold of visi- 


plete antibody and antigen may be achieved, low 
concentrations may not permit their visible detee- 
tion. Under this condition a serologic test for 
specific antibody would be negative due to non- 
visualization of formed antigen-antibody com- 
plex. If the equivalence ratio favoring visible 
precipitation occurs just above the visibility 
threshold, the precipitate band may appear faint 
and rather diffuse. On the other hand, if the inter- 
section of antigen and antibody concentration 
parabolas oecur well above the visibility thresh- 
old, the resulting precipitate will appear as a 
dense sharply defined disc. 

It is important to recognize this qualitative 
difference in precipitate bands, as well as to have 
some understanding of the mechanism of their 
formation. The faint diffuse bands which appear 
close to the antiserum agar meniscus in the gel 
double-diffusion tubes are easily confused with 
faint nonspecific precipitations which oceasionally 
develop due to chemical reactions between badly 
hemolyzed, lipemic, contaminated, or otherwise 
altered serum and impurities in the agar. This 
creates an area for possible error, since a very 
narrow line exists between negative and weakly 
positive gel diffusion precipitation reactions. It 
is very easy to obtain false positive readings in 
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nontubereulous serum due to such artifactual 
clouding of agar; or, on the other hand, if these 
faint precipitates are disregarded, to obtain a high 


or 


number of falsely negative results. This possibly 
accounts for some of the erroneous serologic 
findings reported in the evaluation study (1). 
In order to widen the margin between positive 
and negative reactions, there are several possi- 
bilities. The more obvious would be to intensify 
all specific precipitation reactions by using serum 
with a more concentrated antibody content. Such 
concentration of serum is possible through lyo- 
philization or evaporation in order to reduce over- 
all serum volume, but this would be laborious 
and impractical for a clinical laboratory. It can 
be more easily accomplished, however, through 
the serum-replacement technique described in 
this paper, since more antibody is being con- 
stantly supplied to the system. Without this 
procedure, in which diffusion of antibody from 
the overlying antiserum into the reaction column 
progresses with time, the concentration of anti- 
body progressively builds up in the center re- 
action column and decreases in the overlying 
serum reservoir. When serum is replaced at reg- 
ular intervals during incubation, however, the 
reduction of concentration of diffusible antibody 
in the serum reservoir is considerably retarded. 
This retardation of antibody depletion from the 
reservoir apparently affects formation of the 
antigen-antibody complex in the same manner as 
would the use of more concentrated antiserum. 
This is a simple practical method of intensifying 
gel diffusion precipitation reactions when using 
antiserum of low antibody strength. Such an in- 
tensification of precipitation auto- 
matically widens the gap between positive and 
negative tests and would constitute one means of 
increasing the sensitivity of the gel double-diffu- 


reactions 


sion test for tuberculosis. 

From an earlier investigation of mycobacterial 
antigen relationships (8), it was determined that 
the hominis strains possess a minimum of 6 differ- 
ent antigenic substances. All attempts of these 
investigators to isolate these substances in puri- 
fied form have met with failure to date. There- 
fore, the coneentrated unheated culture filtrate 
antigen mixtures remain to date the most effec- 
tive antigen preparation for use in gel diffusion 
precipitation tests. It is apparent that, if these 
crude antigen mixtures are going to be used in a 
ge] double-diffusion test for tuberculosis, some 


AND 
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means of determining uniforinity in reactivity 
from one preparation to another would be neces- 
sary. The serial antigen dilution-replacement 
method proposed in this paper can function in 
this capacity. 

In actual performance of the tests, antigens of 
uniform reactivity standardized in the manner 
should This would 
minimize error due to variation of antigen reac- 
tivity from one batch to the next. In order to min- 


described herein be used. 


imize error in reading tests due to precipitations 
occurring near the visibility threshold, it might 
be well to observe reactions daily, record all 
definitely positive tests appropriately as to degree 
of reaction and day observed, then replace serum 
on all negative, very weakly positive or doubtful 
tests. If this were performed daily, more of the 
low antibody titer serum would be detected and 
the sensitivity of the test would be appreciably 
improved. 


SUMMARY 


The present investigation had a threefold pur- 
pose. First, through dilution of rabbit antiserum 
which contained a high concentration of pre- 
cipitating antibodies to mycobacterial antigens, 
it was possible to simulate all degrees of reaction 


observed between human serum and culture fil- 
trate antigens in the gel diffusion test for tuber- 
culosis. Projecting this finding to interpretation of 
such test results on 1,097 serum specimens from 
hospital patients which are reported elsewhere 
(1), the contention was verified that antibodies to 
mycobacterial antigens found in the serum as a 
result of tuberculous infection are most often 


present in relatively low concentration. 

A second purpose was achieved by the demon- 
stration of 
through a technique of replacing serum in diffu- 


precipitate band 
sion tests at regular intervals during incubation. 
This intensification effect was observed with both 


immune rabbit serum and pooled samples of 


serum obtained from persons with active tuber- 


culosis. This technique may be applied to render 
the gel diffusion test for tuberculosis more sensi- t 
tive. 

Finally, because there was a need for a reli- 
able, sensitive means of comparing the ability ot 
two aliquots of an antigen mixture to precipitate 
antibody equally, an antigen titration for the gel ° 


diffusion test has been devised. i 
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GEL DIFFUSION 


SUMARIO 


Vuevos Estudios de las Pruebas de Difusién del Gel 
la Tuberculosis. I. 
dardizacion del Antigeno y el Descubrimiento 


en Vétodos para la Estan- 


de Pequettas Cantidades de Anticuerpo 


La investigacién actual tenia un triple fin. 
Primero, por medio de la dilucién del antisuero de 
conejo que contenia una elevada concentracién de 
anticuerpos precipitantes para los antigenos 
micobacterianos, fué posible simular todos los 
grados de las reacciones observadas entre el suero 
humano y los antigenos de filtrados culturales en 
la prueba de difusién del gel en la tuberculosis. 
Proyectando este hallazgo a la interpretacién de 
los resultados de la prueba en 1,097 ejemplares de 
suero, procedentes de enfermos hospitalizados, 
que se han presentado en otra parte (1), se com 
probé la alegacién de que los anticuerpos para 
los antigenos micobacterianos descubiertos en el 
sucro a consecuencia de la infeccién tuberculosa 
aleanzan mds a menudo una concentracién rela 
tivamente baja. 

Se logré otro propésito por el descubrimiento 
de la intensificacién de una franja de precipitado 
medio substitucién del 
suero en las pruebas de difusién a plazos regulares 


por de una téenica de 


durante la inecubacién. Este efecto intensificante 
se observé tanto con el inmunisuero de conejo 
como con muestras combinadas de suero obtenido 
de 


Puede aplicarse esta técnica para sensibilizar mds 


personas que tenian tuberculosis activa. 


la prueba de difusion del gel para la tuberculosis. 
heber 
sensible y fidedigno para comparar la capacidad 


Tercero, por necesidad de un medio 
de dos partes alicuotas de una mezela de antigenos 
para precipitar igualmente el anticuerpo, se ha 
elaborado una titulacién del antigeno para la 


prueba de difusién del gel. 


{ESUME 


Vouvelles études sur les tests de diffusion dans le 
Véthodes de 


dardisation de Vantigéene et de détection de 


gel dans la tuberculose. TI. stan 


petites quantités d’anticorps 


Cette étude avait un triple but. Tout d’abord, 
en diluant de Vantisérum de lapin contenant une 
concentration élevée d’anticorps précipitants aux 
intigenes mycobactériens, il a été possible de 
simuler tous les degrés de réactions observées entre 
le sérum humain et la culture de filtrat d’antigénes 
dans le test de diffusion dans le gel dans la tuber 
culose. En appliquant cette observation & Vinter 
prétation des résultats de tests obtenus sur 1097 
spécimens de sérum de malades hospitalisés, dont 


es cas ont été rapportés ailleurs (1), les auteurs 
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ont pu vérifier la théorie suivant laquelle, au 
cours d’une infection tuberculeuse, les anticorps 
le sérum 
relativement 


mycobactériens circulant dans s’y 


trouvent en concentration peu 
élevée. 

Le deuxiéme but a été atteint en démontrant 
l’intensification de la zone de précipitation par le 
remplacement du sérum dans les tests de diffusion 
4 intervalles réguliers pendant l‘incubation. Cet 
effet d’intensification a été observé avec le sérum 
de lapin immunisé d’une part, et un mélange 
d’échantillons de sérum de malades présentant 
une tuberculose en activité, d’autre part. Cette 
technique peut étre employée pour rendre plus 
sensible le test de diffusion dans le gel dans la 
tuberculose. 

Troisiémement, comme il a été nécessaire de 
trouver un procédé sensible et stir permettant de 
comparer le pouvoir des deux parties de mélange 
antigénique de précipiter également des anticorps, 
un titrage antigénique pour le test de diffusion 
dans le gel a été trouvé. 
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ALVEOLAR-CAPILLARY BLOCK DUE TO LEUKEMIC INFILTRATION OF THE LUNG'! 
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INTRODUCTION 


The lung is not ordinarily considered a common 
leukemia. Although 
utopsy studies have revealed a modest incidence 


site of involvement in 
of histologic abnormalities in the lungs, clinical 
manifestations of pulmonary disease have rarely 
been reported. 

In 1955, Nathan and Sanders (1) described a 
acute myelogenous leukemia in 


patient with 


whom insufficiency occurred — that 


appeared to be due to leukemic infiltration. The 


pulmonary 


patient’s symptoms and roentgenographic ab 
normalities responded to therapy with amethop 
terin. On clinical grounds the writers charac 


terized the presenting syndrome as one of 


block. 


been suggested that this syndrome could be 


alveolar-capillary It had not previously 


caused by leukemic involvement of the lung. 
It is the purpose in the present study to report 
post-mortem 


the physiologic, and 


findings in a patient with chronic lymphatic 


leukemia who developed alveolar-capillary block. 
Cask REPORT 

\ 45-vear-old white salesman was admitted to 
the Veterans Administration Hospital, Bronx, 
New York, on November 16, 1956, complaining of 
shortness of breath and chest pain. 

In April, 1956, a routine chest roentgenogram 
revealed abnormalities which were interpreted 
ws ‘viral pneumonia.’’ His only symptom at this 
time was mild chronic cough productive of mucoid 
sputum. Despite a course of therapy with tetra 
eyeline, the roentgenographic abnormalities per 
sisted, and the patient was admitted to another 
hospital. Various studies, including bronchoscopy, 
failed toestablish a diagnosis. Following bronchos 
copy, blood-streaked sputum and discomfort it 
the xiphoid region developed. These symptoms 
recurred intermittently thereafter. In October, 
1956, he noted the abrupt onset of severe progres 
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sive dyspnea which quickly became incapacitat 
ing. There was no orthopnea, paroxysmal noc 
turnal dyspnea, edema, or previous history of 
pulmonary or cardiac disease. One month later 
the patient was admitted to this hospital. 

Physical examination on admission revealed 
a well-developed, well-nourished male with a florid 
appearance. He complained of severe dyspnea at 
rest. The temperature was normal, pulse rate 88, 
respirations 32 per minute, and blood pressure 
120 systolic, 78 diastolic in mm. of mercury. Firm 
discrete lymph nodes, 0.5 to 1.5 em. in size, were 
found in the suboccipital, cervical, and axillary 
regions bilaterally. Matted nodes were noted in 
the inguinal regions. The respiratory excursions 
were good. The percussion note over the lung fields 
was normal, and there was no abnormality of the 
breath sounds. Crepitant rales were heard over the 
right lower hemithorax. The heart was normal. 
A firm, smooth, nontender liver edge was felt 
three finger-breadths below the right costal mar 
gin. A firm spleen tip was palpated four finger 
breadths below the left costal margin. 

On admission the hemoglobin was 16.3 gm. per 
100 ml.; it never fell lower than 13.0 gm. The leu 
koevte count was 130,000, and the differential 
count revealed 14 per ceni segmented neutrophils, 
5 per cent band forms, 2 per cent metamyelocytes, 
69 per cent lymphocytes, and 10 per cent mono 
evtes. Several normoblasts were also noted. The 
Ivmphoctes appeared mature. The platelet count 
was 172,000. The urine gave a three-plus test for 
albumin, and was otherwise normal. An electro 
cardiogram was normal. Chest roentgenograms 
(figure 2) revealed a normal heart and no definite 
evidence of hilar or mediastinal adenopathy. 
Diffuse reticular infiltrates were noted throughout 
both lung fields. A roentgenogram taken else 
where two months previously (figure 1) showed 
that the process was limited to the left lower lung 
field at that time 

Dyspnea rapidly increased and the patient was 
soon severely distressed even at complete rest. 
Bone-marrow aspirations were performed on two 
oceasions. Each time the marrow was cellular. 
Approximately 50 per cent of the cells were adult 
Ivmphocytes, but occasional earlier forms were 
noted. The myeloid series appeared normal. The 
erythroid elements were adequate in number. 


Some of the normoblasts showed fragmented 
nuclei. Megakaryoeytes were somewhat reduced. 
The bone-marrow and peripheral blood findings 


were compatible with either chronic lymphatic 
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leukemia or a leukemoid reaction, and some differ 
ence of opinion existed as to which was present 
On the eighth hospital day pruritus and marked 
jaundice were noted. The total serum bilirubin 
was 16.3 mg. per 100 ml., of which 8.5 mg. per 100 
ml. was direct reacting and 7.8 mg. per 100 mi. 
Other chemical tests revealed that 
the cephalin flocculation 2-plus; thymol 
turbidity, 12.0 units; alkaline phosphatase, 25.9 
units (Shinowara); serum albumin, 3.3 gm. per 
100 ml.; serum globulin 2.6 gm. per 100 ml.; and 
the prothrombin content, 55 per cent. The blood 
urea nitrogen was 25 mg. per 100 ml. Bile was pres 
ent in the urine. 

On the tenth hospital day, mental confusion 
and a flapping tremor developed. Arterial blood 
studies revealed an oxygen capacity of 19 volumes 
per cent, oxygen content of 14.7 volumes per cent, 
and saturation of 77.5 per cent. The partial pres 
sure of oxygen was markedly reduced to 42 mm. 
of mercury. The arterial carbon dioxide tension 
was reduced to 26 mm. of mercury. The carbon 
dioxide content was normal (28 mEq. per liter). 
The blood pH was at the upper limit of normal at 
7.46. These figures were interpreted as revealing 
marked impairment of oxygen diffusion. It was 
believed that a neoplastic infiltrative process had 
involved both the lungs and the liver, thus ae 
counting for the difficulty in oxygen transport and 


was indirect 
was 


the cholemic state. 

The patient was treated with antimicrobials, 
oxvgen, sodium glutamate, and steroids. Jaundice 
deepened, ascites developed, and the mental status 
deteriorated further. On the twelfth hospital day 
radiation therapy to the liver was begun. Doses of 
75 roentgens were given on the twelfth and 100 
roentgens on the thirteenth days. However, on the 
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thirteenth hospital day marked oliguria was noted 
Urinary output was less than 100 ml. The blood 
urea nitrogen rose to 91 mg. per 100 ml., and the 
uric acid was 16.9 mg. per 100 ml. On the fifteenth 
hospital day the patient died, deeply jaundiced 
and cyanotic. 

At autopsy, cyanosis, intense jaundice, and 
petechiae were noted in the skin and in most of the 
tissues. The liver enlarged, 
weighing 3,500 gm. On cut surface, hepatic lobular 
architecture was strikingly accentuated by con 
gestion of the central areas and replacement of 
the remainder of the lobules by tan tissue. This 
change occurred diffusely throughout the liver 
The spleen weighed 1,350 gm. Most of the lymph 
node groups contained enlarged nodes. The mar 
row was deep red in color. Microscopic examina 
tion of the liver revealed a remarkable degree of 
cellular lymphocytic infiltration throughout the 
entire hepatic parenchyma. The change was most 
marked in the portal areas of each lobule. The 
spleen and lymph nodes were also diffusely re 
placed by relatively mature lymphocytic cells. 
The fixed sections of marrow demonstrated in 
creased cellularity. Myeloid and erythroid ele- 
ments as well as megakarvocytes were easily 
identified, although in somewhat diminished num 
bers. Most of the cellularity was due to diffuse 
infiltration with early lymphocytes, similar to 
those seen in the pre-mortem marrow specimens 
The cardiovascular, gastrointestinal, and genito 
urinary systems showed no major gross or micro- 
Although the bone marrow 
with either leukemia or a 


was considerably 


scopic alterations. 


alone was consistent 


severe lymphatic leukemoid reaction, the sections 
of lvmph node, liver, and spleen established the 
diagnosis of chronic lymphatic leukemia. 


Fic. 1 (Left 
is limited to the left lower lung field. 
Pia. 2 (Right 


Is present 


Roentgenogram, postero-anterior view, two months prior to admission. Infiltration 


Roentgenogram, postero-anterior view, on admission. Diffuse bilateral infiltration 
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Fic. 3. Left upper lobe. Gross appearance of cut surface at autopsy. 


Grossly the lungs were striking. Each weighed 
upproximately S00 gm. Fibrous adhesions covered 
the pleura over the left lower lobe. Crepitation 
was generally reduced. The cut surface of both 
lungs was pale and somewhat firmer than nor 
mal. On close inspection delicate weblike tissue 
extended throughout the lungs and appeared to 
outline the lobules and smaller bronchiolar strue 
tures, imparting an over-all fine microcystic ap- 
pearance to the lungs (figure 3). This change was 
most easily discernible in the upper lobes and in 
the right middle lobe. The lower lobes appeared 
more congested and diffusely consolidated. The 
trachea, bronchi, and pulmonary vessels were 
essentially normal. 

Microscopic examination revealed that all areas 
of both lungs diffusely infiltrated with 
lymphocytes. The process was not focal: although 
the degree of involvement varied from area to 
area, no section of lung examined microscopically 
was free of leukemic infiltration. Coalescence of 
lesions was noted in the perivascular and peri 
bronchial areas, and often the bronchial walls 
themselves were diffusely infiltrated. Small ad 
ventitial lymphatic vessels in the walls of the 


were 


bronchi and arteries were often choked with leu- 
kemic cells. The blood vessels contained many 
Ivmphocytes, comparable to the peripheral 
Ivmphocytosis noted during life. The pleura and 
subpleural areas were heavily invaded, and from 
here the process extended into the lungs along 
interlobular septa (figure 4). 

In the upper lobes, the parenchyma was severely 
involved adjacent to the pleura and peribronchial 
areas; here, the diffuse interstitial involvement 
was quite fine (figure 5), with resultant preserva- 
tion and even accentuation of pulmonary archi 
tecture (figure 6). The leukemic cells widened and 
thickened the alveolar septa, and were definitely 
located in the interstitial spaces between the 
capillary and alveolar lining cells. This was most 
striking in the areas of heaviest involvement 
which were in the lower lobes, in which the archi 
tecture of the lung was no longer recognizable be 
cause of the extreme degree of cellular infiltration 
(figure 7). In the left lower lobe a considerable 
amount of interstitial fibrosis was associated with 
the cellular deposition (figure 8), and very rarely 
the fibrosis predominated, with minimal cellular 
infiltrate (figure 9). Pleural and subpleural fibrosis 
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Fic. 4 (Top). Left lung. Infiltration of interlobar fissure. (X27) 
Fic. 5 (Center). Left upper lobe. Fine interstitial infiltration. (98) 
Fic. 6 (Bottom). Right upper lobe. Fine interstitial infiltration. Note perivascular foci. (27) 
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Fic. 7 (Top). Left lower lobe. Heavy infiltration. (X30) 
Fic. 8 (Center). Left lower lobe. Interstitial infiltration and fibrosis. (X30 
X27) Fia. 9 (Bottom). Left lower lobe. Interstitial fibrosis. (288) 
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was also seen. Minor scattered areas of fibrosis 
were noted elsewhere in the lungs. 

The significant autopsy diagnoses were: chronic 
lvmphatie leukemia; massive leukemic infiltra 
tion of lungs and liver; moderate leukemic in 
filtration of spleen, lymph and bone 
marrow; minor leukemic infiltrates of skin, kid 
bladder, and gall bladder; bile nephrosis. 


nodes, 
nevs 


DIscUSSION 


block, the functional pul 
monary from which the patient 
suffered, was first clearly described by Austrian 


\lveolar-capillary 
abnormality 


and associates (2) in 1951, although a disturbance, 
in which the primary abnormality is an altered 
permeability of the alveolar-capillary membrane, 
had been proposed in the German literature as 
early as 1922. In 1935, Hamman and Rich (3) 
published their initial report of a clinical and 
pathologic syndrome in which extensive thicken- 
ing of the alveolar-capillary membrane, due to 
fibrosis of unknown etiology, was found. Baldwin 
and associates (4) reported 14 cases of various 
chronic pulmonary diseases, including pulmonary 
scleroderma, lymphangitie carcinomatosis, and 
pulmonary granulomatosis and fibrosis of un- 
known etiology, in which the primary functional 
disturbance was either a veno-arterial shunt or 
impairment of the diffusion of respiratory gases 
\ustrian 
and co-workers (2), aided by refinements in 


across the alveolar-capillary interface. 


pulmonary physiologic methodology, proved 
that the difficulty was due to impaired diffusion 
rather than to abnormal shunting. The pul- 
monary function studies in this syndrome are 
characterized by reduced lung volumes, main 
tenance of relatively large maximal breathing 
capacity, hyperventilation at with 


exercise, slight to marked reduction in arterial 


rest and 


oxygen tension and = saturation at rest, and 


further reduction with exercise, normal alveolar 
oxygen tension, reduced diffusing capacity, and 
arterial carbon dioxide tension. 


(2) 


normal or low 
The 
eluded cases of beryllium granulomatosis and 
the 


Austrian and associates in 


series ol 


sarcoidosis. Other suggested etiologies for 


syndrome include radiation pneumonitis and 


fibrosis (5), miliary tuberculosis, sulfur dioxide 
hexameth- 
that 


extreme 


poisoning, silo-filler’s disease, and 


onium sensitivity. The pathology these 


diseases have in common. is 


varied 
thickening of the alveolar-capillary membrane. 


The characteristic clinical picture of the 


NICHOLS, 


AND 


alveolar-capillary block syndrome was exhibited 
by the patient of the present case. Severe un- | 
remitting dyspnea, marked hyperventilation, and 
cyanosis were present, in the absence of neuro- 
muscular deficiency, obstruction to airflow, or 
heart failure. The patient’s pre-terminal state 
precluded pulmonary function studies other than 
analysis of the arterial gases. The low arterial 
oxygen tension (42 mm. of mercury) and satura- 
tion (77.5 per cent) associated with a marked 
reduction in arterial carbon dioxide tension 
(26 mm. this 
indicated impaired diffusion across the alveolar- 


of mercury) in clinical setting , 
capillary membrane. The autopsy findings con- 
firmed this diagnosis, as the major site of pathol- | 
ogy in the lung was in the interstitial tissue 
between the capillary lumina and alveolar spaces. + 
Although some interstitial fibrosis was found, 
this was of minor degree and occurred only in } 
scattered areas; it is apparent that the massive 
infiltration by leukemic cells was mainly re- 
sponsible for the physiologic abnormality. 


SUMMARY 


The case of a patient with chronic lymphatic , 
leukemia is presented in whom massive infiltra- 
tion of the lung by leukemic cells caused fatal | 
pulmonary insufficiency of the alveolar-capillary 
block type. 


SUMARIO 


Bloqueo Alvéolo-Capilar Debido a Infiltracion 


Leucémica del Pulmén 


Preséntase el caso de un enfermo de leucemia 
linfdtiea crénica en el cual la infiltracién masiva 
del pulmén por células leucémicas ocasiondé in 
suficiencia pulmonar letal de la forma de bloqueo 
alvéolo-capilar. 


RESUME 


Blocage alvéolo-capillaire di a Uinfiltration 


le “ce mique du pounon 
L’auteur rapporte le cas malade atteint 
de leucémie 


Vinfiltration massive du poumon par des cellules , 


Ivmphatique chronique, chez qui 


insuffisance pul 


de 


leucémiques a provoqué une 


monaire mortelle, caractéristique blocage 


alvéolo-capillaire 
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Notes 


THE PREDICTED MAXIMAL BREATHING CAPACITY IN OBESE SUBJECTS 


The importance and significance of the maximal 
breathing capacity as a test of pulmonary function 
have been amply described in the literature. The 
maximal breathing capacity is usually expressed 
as a percentage of the predicted maximal breathing 
capacity. The prediction formula of Baldwin! for 
the 9-liter Collins respirometer or the prediction 
Motley? the 13.5-liter 
respirometer is used by many pulmonary 


formula of for Collins 
unetion 
laboratories. Both formulas depend on age and 
body surface area. The prediction formula of 
Wright 


In doing 


is based on height and age. 
studies of the maximal breathing 
capacity in persons of extreme obesity and subse 
quent weight loss, it was found that the standard 
prediction formulas, based on body surface area, 
for the predicted maximal breathing capacity are 
of little value in following the change in maximal 
breathing capacity and other pulmonary function 
tests that depend on the percentage of predicted 
maximal breathing capacity or are correlated with 
it. The maximal breathing capacity is used in com 
parison with other tests in order to gain additional 
information. Gaensler! relates the per cent of pre 
dicted vital capacity and the per cent of predicted 
maximal breathing capacity by means of a ratio 
called the air velocity index, defined as: per cent 
predicted MBC/per cent predicted VC, and points 
out the type of ventilation defect involved. The 
per cent of predicted vital capacity is dependent 
on height and age, while the per cent of maximal 
breathing capacity depends on the body surface 
iren and age. This has led to bizarre results when 


the air velocity index is correlated with the one 


second timed vital capacity of Gaensler 


It was decided, therefore, to convert the 


formula for the caleulation of the predicted maxi 
mal breathing capacity from using the observed 
weight to using ideal weight in determining the 
body This gave ideal body surface 


area 


trea values. Ideal weights for individuals by age 
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TABLE 1 


VENTILATORY Funecrron Data IN SUBJECTS 
with OBSERVED WerGuts 20 tro 40 PouNnpbs 
ABOVE WeiGcuts 

Observed Weight Ideal Weight ié 
42 
ber of = 
Sub See) Air 2 Air 
 Veloc = Velox = 
ject = = 
= ity ity = 
S| Index Index = 
c= = 5 
192 98  U.84 172 102) 0.87 117) 76 
Os 102 | 1.: 
212 


9 213 | 33 | 0.33 
10 200 48 0.56 


Mean 202 70 0.80 


are found in Davenport® and are re- 
MeLester and Darby. 
In table 1 may be seen the calculation of the 


and stature 


produced in 


per cent of predicted maximal breathing capacity 


and air velocity index on the basis of ideal body 


surface area in 10 subjects who were 20 to 40 


pounds above ideal weight. It shows no great 
differences in the per cent of predicted maximal 
breathing capacity or in the ealeulation of the air 
velocity index. 

In table 2 may be seen the calculation of the 
per cent of predicted maximal breathing capacity 
index on the basis of ideal body 


and air velocity 


surface aren in 10 persons who were more than 50 


®* Davenport, C. B.: Body Build and Its In 
heritance, Publication 329, Carnegie Institute of 
Washington, 1923 

7McLesrer, J. S., ann Darpy, W. J.: Nutri- 
tion and Diet in Health and Disease, ed.6,W. B 
Saunders Company, Philadelphia, 1952, pp. 602 
603 
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poune 
It sh 
cle irl 
obesit 

Th 


dictec 


Ing ¢ 
breat] 


dates 


| 
| VES 
) 
202 68 0.92 178 71 0.96 74 70 
5 | 208 | 38 | 0.46 | 173 | 41 | 0.49 | 83 45 Mew 
6 195 1.01 172 S86 1.06 S7 
7 195 69 162 75 94 65 
200 SS 0.85 OL OLSS 104 75 
ISO 0.58 85 59 
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ol Wel 
eigh 
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TABLE 2 


Function Data SUBJECTS 


VENTILATORY 


WITH OBSERVED WerGuts 50 To 200 PouNps 
ABOVE IpEAL WeEIGuTS 
Observed Weight Ideal Weight = 
3 
sum | = 
E Velo Velox = 
ity ity = 
Index Index ™ 
per 
cent 
370) 77 «(0.83 «162 «110 «1.18 93) 87 
) 281 | 65 | 0.76 | 1388 | 87 | 1.01 | 86 70 
4 281 7O 60.92 148) Ol 1.20 76 
! 223 | 82 | 0.96 | 143 | 98 | 1.15 | 85 | 75 
) 2200 | O.85 | 152 |111 | 0.99 | $3 
6 20 | 156 | 77 | 1.26 | 61 | 88 
211 68 1.03 150) 73 | 1.20) 61 | 938 
S 196 | 84 1.17 |) 143 | 96 | 1.33 | 72 80 
197 | S82 O.S4) 146) «0.94 98 | 8S 
200 O.SS) 150 95 O.98) 74 
Mean 240 77 0.93 149! 93 1.12 84.) &2 


pounds overweight as compared with ideal weights 


It shows how the air velocity index now more 


clearly reflects the ‘restrictive’? character of 
obesity 

The significance of the exiculation of the pre 
dicted maximal breathing capacity using the ideal 
weight is clearly shown in serial studies after loss 
of weight in obese patients By using the observed 
eight to calculate the predicted maximal breath 
the 


breathing capacity as 


ing capacity per cent predicted maximal 


determined on different 


dates and with weight loss will show large changes 


905 


of the per cent of predicted maximal breathing 

capacity even though the actual maximal breath- 

ing capacity in liters per minute does not change. 
To illustrate this: 


Patient S. C., a 49-year-old male. His height 
was 157 em. On October 18, 1958, his weight was 
281 pounds; calculated body surface area 
based on observed weight was found to be 2.2] 
sq. m., and the predicted maximal breathing ca 
pacity was calculated to be 134.6 L. per minute. 
His maximal breathing capacity was found to be 
87.2 L. per minute and, therefore, 65 per cent of 
his predicted maximal breathing capacity. When 
calculated on ideal weight, his predicted maximal 
breathing capacity was 99.9 L. per minute and 
his maximal breathing capacity was 87 per cent 
of predicted. On re-examination on December 15, 


his 


1958, the patient had lost 48 pounds, and his 
body surface area was now calculated to be 
2.04 sq. m. His predicted maximal breathing ca 


pacity, based on this surface area, was calculated 
to be 124.2 L. per minute. His maximal breathing 
capacity determined on this date was found to 
be 88.2 L. per minute, or 71 per cent of predicted 
(observed When calculated for ideal 
weight, his predicted maximal breathing capacity 
was found, as to be 99.9 L. per minute 
and, therefore, his maximal breathing capacity 
was 8S per cent of predicted. 


weight ) 


before, 


In summary: In obese persons (overweight by 
than the 


breathing capacity should be calculated by using 


more 10 pounds), predicted maximal 
the ideal weight in determining the body surface 
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COMPARATIVE STUDY OF URINE TESTS FOR THE DETECTION OF ISONIAZID 


Phere is a pressing need for objective eriteria to 
determine whether patients are indeed taking pre 
scribed medications on a self-administered basis.' 
This is particularly true in the chemotherapy of 
ambulatory tuberculous patients, in whom it is 
often impossible to determine whether observed 
clinical deterioration is due to loss of drug effect 
or to failure to take the medication properly and 
regularly. The problem becomes even more serious 
in those societies in which language and cultural 
barriers, coupled with little confidence in modern 
medicine, cast grave doubt on whether an indi 
vidual can be entrusted to take daily antimicrobial 
therapy without direet supervision. Moreover, in 
study groups in which various antituberculous 
drug trials are being conducted, the degree of 
regularity with which the drugs are being taken 
is crucial for the determination of the effective 
ness of drug regimens. When two powerful anti 
tuberculous chemotherapy regimens are being 
compared, such as isoniazid versus isoniazid-PAS, 
a large 


measure on the degree of regularity of the self 


the differences in results could hinge to 


administered chemotherapy. 

Although a satisfactory test for PAS in urine 
has been established? detection tests for isoniazid 
in urine have been too complex for general field 
use. The first studies by the present writers with 
isoniazid detection procedures were based on ma 
terials and methods developed by two industrial 
drug companies, The Bayer Chemical Company 
and Hoffmann-La Roche, Ine. In July, 1957, 


two isoniazid-detection procedures were studied 


these 


and evaluated at both the Navajo-Cornell Field 
Health Research Project at Many Farms, Arizona, 
und at The New York Hospital 


According to directions supplied by the manu 
facturer, the Bayer procedure consists of adding 
tablet A of urine, shaking briefly 
before adding tablet B.’ and then shaking again 
Urine positive for isoniazid rapidly turns orange 


to2to5ml 


while urine negative for isoniazid turns gray 
read within five minutes after 


red 
The result must be 
adding the tablets 
The analyzing reagent® supplied by Hoffmann 
Fox, W.: Tubercle, 1958, 39, 269 
2 Dixon, W., ef al.: Lancet, 1957, 
Tablet A naphthoquinone-4 
sulphonate, 0.005 gm 
Tablet B—sodium 
gm 
Hoffmann-La 
Ammonium vanadate 
Acetic acid 
N/1 sulfurie acid 


2, S71 
sodium 1:2 
carbonate, anhvdrous 
0.1 
toche analyzing reagent: 
0.1 per cent 

per cent 

S per cent 


La Roche is ammonium vanadate, packaged in 
plastic capsules. According to the manufacturer's 
of this reagent 
5 ml. 
by a 


(the contents 
urine. A 
brownish-red 


instructions, 5 ml 


of one capsule) are added to of 


positive result is indicated 
coloration which fades on standing, while a nega- 
tive reaction produces a gray coloration. 

An investigation of the value of these tracer 
substances on ambulatory patients® was carried 
out on 5 Navajo volunteers who were members 
of the staff at the Many Farms Clinic. These 
subjects were either on isoniazid medication at 
that time or had been so treated recently and, 
since they continued on their normal routine of 
occupation and family life, they were considered 
to represent the conditions encountered in ambu 
latory patients. None of these subjects were re 
ceiving other forms of medication. 

The study at The New York 
carried out on 6 tuberculous patients on the iso 
lation ward. These patients were maintained on 
their usual medication, and only the dosage of 
isoniazid was varied. The additional drugs in 
cluded PAS and streptomycin for 2 of the patients, 
and streptovaracin for the other 4. 

Dosages ranging from 100 300 mg. 
niazid were administered, and the urine was tested 
at various times by both the Bayer and Hoffmann 
La Roche techniques, usually two hours, six hours, 
twenty-four hours 


Hospital was 


ol 


to so 


nine hours, and occasionally 
after the specific dose. 


The results of the urine detection tests at Many 
Farms Clinic following isoniazid administration 
are shown in table 1 

Three Navajo subjects who received 100 mg. of 
isoniazid showed positive reactions in urine in five 
of the six tests at two hours and in two of the six 
tests at six hours 
of isoniazid, 


and at two hours all eight tests were positive, but 


Four subjeets received 200 mg 


at six hours only three of the eight were positive. 

On the 300 mg. dose of isoniazid all ten tests 
performed at two hours were positive. At six hours 
following the drug administration, seven of ten 
tests were positive, and at nine hours four of ten 
were positive. 

The response obtained after six hours on a'l of 
the dosages was extremely unpredictable. It may 
be noted from the data, however, that only one 


negative reaction and six trace reactions were ob 


In effort to determine the feasibility of 
using urine brought to the clinie after being col 
lected on a field visit, urine allowed to stand for 
six hours found to give the 


same reaction as that originally obtained on the 


aun 


was re-tested and 


fresh specimen 


pass 
9245 
by 
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TABLE 1 
ID Resutts oF Urine Tests Isontazip ADMINISTRATION AT MANY 
Farms CiIinic 


ed in / 2 Hours 6 Hours 9 Hours 
urer’s 
tents Patient 
ne. A Bayer Hoffmann-LaRoche Bayer ng Bayer a 
h-red 
nega- 100 Milligrams of Isoniazid 
racer l Negative Positive (trace) Negative Negative 
urried | 2 Positive (trace Positive Negative Positive 
nbers 3 Positive Positive Negative Positive 
These trace 
on at 
200 Milligrams of Isoniazid 
dered l Positive (trace Positive (trace) Negative Negative 
mbu 2 Positive Positive Negative Positive 
(trace) 
3 Positive Positive Negative Positive 
Positive (trace Positive Negative Positive 
» ise 
ge of 300 Milligrams of Isoniazid 
Sante. l Positive Positive (trace Negative Negative Negative Negative 
2 Positive Positive Negative Positive Negative Negative 
f iso (trace) 
satel 3 Positive Positive Positive Positive Negative Positive 
Positive Positive Positive Positive Negative Positive 
5 Positive Positive Positive Positive Positive Positive 
(trace (trace 
Many 
a } tained out of the twenty-four tests made on urine had taken their isoniazid could not be settled 
: collected two hours after each dose. definitely. 
agp ta At Many Farms, the Navajo who are on domi On testing the urine of one patient at The New 
jo ive ciliary isoniazid treatment usually (ke their York Hospital before isoniazid had been adminis- 
he six medication shortly after awakening at sunrise. tered, the Hoffmann-La Roche test produced a color 
ee Consequently, urine specimens would have to be change that would ordinarily be considered a 
iazid, obtained in the morning if the results of the  ‘“‘trace’’ reaction. This “false positive’? response 
e, but analysis were to be considered significant enough was noted on the two-, six-, and nine-hour speci 
oo to ascertain any degree of dependability for the — mens, although on subsequent days negative re- 
sae individual patient. In an effort to evaluate the actions were obtained on this patient using the 
hours practicability of obtaining early morning speci sume reagent. The factors responsible for this dis- 
so mens from ambulatory patients when ability to crepancy are not known 
soles follow directions for the self-administration of The results of the urine-detection testing pro 
wap isoniazid is questionable, a field visit was made to cedures on The New York Hospital patients fol- 
all of ifamily camp, and specimens were obtained from — lowing isoniazid administration are presented in 
deat three six-vear-old children. These patients were table 2 
Aone on a dosage of 100 mg. per day and had supposedly Following the 100-mg. dosage of isoniazid, all 
re ob taken their drugs three to four hours prior to twenty-four tests were noted to be positive after 
passing their urine. The samples were taken at two hours; at six hours there were fifteen positive 
itv of 9:45 a.m. and were returned to the clinie and tested and nine negative tests; and at nine hours there 
i col by the Hoffmann-La Roche (ammonium vanadate were ten positive and fourteen negative tests. 
nd for method. However, only one sample was positive. On the 200-mg. dosage, all twenty-four speci 
‘ es As the testing procedure is only partially reliable, mens were positive after two hours; only two of 


the problem of determining if the other children — the twenty-four tests were negative at six hours; 


TABLE 2 
Resuits or Urine Detection Tests FottowinG Isontazip ADMINISTRATION 
aT New York Hosprrar 


a 
2 Hours 6 Hours 9 Hours fe 
Patic 
Baye Hoffmann-LaRoche Bayer Bayer Hoffimann-LaRoche > wW 
ni 
100 Milligrams of Isoniazid 
l(a)* Positive Positive Negative Positive Negative Positive (trace 1D 
(trace) ne 
b Positive Positive Positive Positive Positive Positive Wwe 
Jia Positive Positive Negative Negative Negative Positive , of 
b Positive Positive Negative Positive Negative Positive ds 
3(a Positive Positive Positive (trace Positive Negative Negative ; 
trace 
b Positive Positive Positive (trace Negative Negative Negative hy 
hia Positive Positive Positive (trace Positive Positive Positive we 
trace 
b Positive Positive Positive (trace Negative Negative Positive (trace se} 
Da Positive Positive Positive Positive Positive Positive (trace th 
h Positive Positive Positive Positive Negative Negative > sour 
bia Positive Positive Positive Positive Negative Negative eff 
trace trace las 
b Positive Positive Positive (trace Negative Negative Negative thi 
pre 
200 Milligrams of [Isoniazid 
lia)* Positive Positive Positive (trace Positive Negative Positive (trace \ the 
h Positive Positive Positive Positive Positive Positive clo 
Jin Positive Positive Positive Positive Negative Positive (‘race dif 
b Positive Positive Positive Positive Negative Positive (trace bot 
3(a Positive Positive Positive Positive Positive Positive (trace cas 
bh Positive Positive Positive Positive Negative Positive que 
fa Positive Positive Positive Positive Positive Positive } con 
h Positive Positive Positive Positive Positive Possive we: 
trace 
Dia Positive Positive Positive Positive Positive Positive 
b Positive Positive Positive Positive Positive Positive (trace ) onl, 
fia Positive Positive Positive (trace Negative Positive Negative Ina} 
(trace | bet 
bh Positive Positive Positive Negative Positive Positive (trace The 
trace util 
wit] 
300 Milligrams of Isoniazid ind 
wit] 
lia)" Positive Positive Positive Positive Positive Positive mor 
(trace La 
b Positive Positive Positive Positive Positive Positive 
Jia Positive Positive Positive Positive Negative Positive Pitta 
h Positive Positive Positive (trace Positive Negative Negative ath 
sta Positive Positive Positive Positive Positive Positive whic 
trace (trace The 
b Positive Positive Positive Positive Negative Positive (trace that 
lia Positive Positive Positive Positive Positive Positive posi 
b Positive Positive Positive Positive Positive Positive met] 
dia Positive Positive Positive Positive Positive Positive li 
b Positive Positive Positive Positive Positive Positive infor 
bla Positive Positive Positive Positive Positive Positive (trace that 
trace 
b) | Positive | Positive Positive Positive Positive _ Positive ful 
were 
* Urine detection studies were performed on two separate days represented on table above as (a mini 
and (b dosay 
tive 
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and nineteen positive and five negative tests were 
found at nine hours 

On the 300-mg. dosage, all twenty-four tests 
were positive after two hours and six hours. At 
nine hours there were twenty positive tests and 
four negative tests 

A number of problems of interpretation arose 
in this study. The color of a positive response was 
not distinct in all cases, and strongly positive tests 
were rarely obtained. The positive test also faded 
on standing. A positive test often resembled the 
dark color of concentrated urine frequently ob 
served in the desert area of Many Farms, where de 
hydration is common. This was found to be true 
with either testing method. Both at the Many 
Farms Clinic and The New York Hospital, ob 
servations were made on urine obtained following 
the restriction of fluid intake. This concentrated 
urine was diluted with three parts of water in an 
effort to decrease the intensity of color, thereby 
aking the positive test more readable. However, 
this attempt did not appear to aid in the inter 
pretation of the test reaction since the test color 
is related to the concentration of isoniazid. Fur 
thermore, since the color of the positive response 
closely resembles that of concentrated urines, it is 
dificult to arrive at an accurate reading. With 
both testing procedures the color change was oc 
casionally so slight that the reaction was very 
questionably positive. These doubtful results were 
considered as “‘traece’’ reactions, along with the 
weak, but more definitely positive tests. 

Even though this study involved a total of 
only 11 patients, which made statistical analysis 
inappropriate, nevertheless, several differences 
between the two testing procedures were noted. 
The Hoffmann-La Roche solution was more easily 
utilized. Doubtful reactions were rarely noted 
with this procedure, as the color change is rapid, 
and even the slightest color change was detected 
without having to shake the ingredients. Further 
more, at The New York Hospital the Hoffmann- 
La Roche method produced the only positive 
response on 12 specimens, while the Bayer test 
gave «a positive response on only 6 specimens for 
which the Hoffmann-La Roche test was negative. 
The data from The New York Hospital indicate 
that the Hoffmann-La 
positive and trace reactions than the 


toche test produced more 
Bayer 
method. 

In evaluating the results, a comparison of the 
information obtained at the two centers indicated 
that the detection methods were much more use 
ful at The New York Hospital, where all tests 
were positive within six hours following the ad 
ministration of 300 mg. of isoniazid. On the same 
dosage schedule, only seven of ten tests were posi 


tive within six hours at Many Farms. These results 


were most disappointing inasmuch as the 300-mg. 
single daily dose of isoniazid rather than either 
the 100- or 200-mg. dose is the most widely used 
in field work. 

It is of interest that Gangadharam and his asso 
ciates’ reported similar findings in comparing the 
Bayer and Hoffmann-La Roche isonizaid detection 
tests. In addition to the Bayer and Hoffmann- 
La Roche tests, they also evaluated a so-called in- 
direct N-M (naphthoguinone-mercurie chloride) 
test. The results of their study clearly showed 
that the Bayer and Hoffmann-La Roche detection 
tests were insufficiently sensitive and reliable for 
field use. Although their combined N-M test was 
superior to either the Hoffmann-La Roche or the 
Bayer tests, it was considered too complicated for 
use in the usual ward laboratory or in the field. A 
recent study® was reported on the use of riboflavin 
as an indicator of isoniazid ingestion in patients 
on self-administered drug. The preliminary re- 
sults showed that, when riboflavin was given in 
appropriate dosage, concentrations of riboflavin 
in urine above normal range were detected for 
eighteen to twenty-four hours. The same investi 
gators are conducting a clinical field trial to deter 
mine the effectiveness of riboflavin as a “‘tracer’’ 
substance in the urine when it is combined with 
isoniazid. Should this riboflavin tracer technique 
prove useful, it might also be applied to other self- 
administered drugs. 


Ideally any method for determining whether or 
not the patient has ingested a given medication 
must satisfy a number of requirements. The pro- 
cedure must be totally safe for the patient, and 
easily carried out. The end-point must be definite 
and reliable, producing accurate evidence that the 
drug was ingested up to twenty-four hours prior 
to the test. The methods utilized in this study were 
both safe and simple for the patient, and the 
laboratory determinations entailed a minimum of 
time and equipment. However, the end-point 
was not definitive for either procedure, and the 
tests were frequently not sufficiently sensitive to 
indicate the small quantities of isoniazid excreted 
a number of hours after ingestion. Consequently, 
from the over-all evaluation of the information 
obtained, it is evident that these chemical de 
tectors are not satisfactory for determining with 
complete accuracy whether or not the individual 
patient has taken his prescribed medication. Al- 


7 GANGADHARAM, P., ef al.: Tubercle, 1958, 39, 
191. 

Hospsy, G. L., ann Deuscuie, K. W.: Am. 
Rev. Resp. Dis. 1959, 80, 415. 


90S 


though the results appear to be quite uniform 
for specimens obtained within a few hours after 
the administration of higher dosages of isoniazid, 
false positive and doubtful or negative reactions 
occur With enough frequency to cast some degree 
of doubt on the individual test. 

In summary: Two procedures for testing urine 
for the presence of isoniazid were evaluated in 
With one 


a chemical method using 


ambulatory and hospitalized patients 
of the tests (based on 
ammonium vanadate), it was possible to detect 
isoniazid within six hours in both ambulatory and 
hospitalized patients. However, this isoniazid 
detection test was unreliable beyond six hours 
The second procedure for testing for isoniazid in 
could 


urine (based on a naphthoquinone reagent 


NOTES 


not be trusted for these patients, even at the 
six-hour observation point. 


Richarp W. Roperts 
Cornell Medical Division, Bellevwe Hospital 
New York 16, New York 

Kurt W. DeuscuLe 
Department of Public Health and Preventive 
Vedicine 

The New York Hospital-Cornell University Medi 
cal Center 

Vew ) ork, N ew ) or k: and 

The Many Farms Clinics, Cornell-Navajo Field 
Health Research Project 


Vany Farms, Arizona 


June 5, 1959 
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NASAL SWAB CULTURES IN PATIENTS WITH PULMONARY TUBERCULOSIS 


The frequent coexistence of bronchiectasis and 
paranasal sinusitis has been attributed to the 
seeding of the sinuses during cough with infected 
material from the bronchopulmonary structures. 
As evidence of such a mechanism, iodized oil 
Lipiodol®) placed into the bronchial tree has been 
noted to gain access to the sinuses after coughing.' 
The possibility suggested itself that «a similar 
phenomenon might occur during cough ir patients 
with tuberculosis, foreing droplets of bacilli-laden 
sputum into the nose and sinuses. 

In addition, there was the possibility that a 
patient with tuberele bacilli in the sputum might 
inhale the infected droplets he expels through 
coughing. The mucus-ecoated nasal vibrissae are 
known to possess an efficient filtering action on 
bacteria suspended in the inspired air, and are 
presumably capable of trapping at least some of 
the tuberele bacilli which thus may be inhaled. 
Factors such as the above aroused speculation 
whether cultures taken from the nasal area might 
prove to be a reliable means of obtaining tubercle 
bacilli from patients excreting them through 
cough. 

\ review of the available literature in the 
English language failed to reveal any reports on 
this subject. However, one article was found in the 
Japanese and one in the Czechoslovakian liter 
ature. In one® of these studies, 293 cultures of 
nisal washings were obtained by Japanese in 
vestigators on 147 persons exposed to tuberculous 
patients in the course of their work. Two cultures 
were found to be positive for tubercle bacilli. 


For comparison, 174 cultures of pharyngeal wash 


ngs obtained on 115 persons similarly exposed 
vielded one culture positive for tubercle bacilli. 
No positive cultures were obtained from nose and 
throat washings in 132 examinations of 82 patients 
from the nontuberculous clinic population. What 
seemed of special interest was that 28 of 473 cul 
tures of nasal washings performed on 142 tuber 
culous patients were found to be positive for 
tubercle bacilli. The pharyngeal washings were 
found positive in 90 of 361 examinations performed 
on 139 patients. In none of the patients was any 
tuberculous involvement of the nasal passages 


noted 


Breson, P. B.: 
Internal Medicine, ed. 2, Blakiston Division of 
MeCiraw-Hill Book Co.. New York, 1954, p. 95. 

?Yasumoro, R.: Tohoku J. Exper. Med., 1945, 


285. 


in Harrison's Principles of 


TABLE 1 
Nasat Swaps Cuirures ror Acip-Fast 


Pa- 
Heats | Sputum Smear | Sputum Nasal | 
ber 

6 $----- +++ --- 0 
7 +++4 +. 0 
+++4+4 — +. 
10 | +4+4+4++ | +4+4+4++ | --- 0 
11 ++++44 TT 0 
12 -++++4 | 
15 ++++ + 


+ represents a positive report. 

— represents a negative report. 

0 represents examination not made. 
Cultures 10, 11, 12 were done on one patient 


In the Czechoslovakian report,’ 114 patients 
with pulmonary tuberculosis were examined for 
the presence of tubercle bacilli in the nasal cavity 
and nasopharynx. The smears of the secretions 
were cultivated on Sula’s fluid ascitic medium and 
on Lowenstein egg medium. tuberculosis was 
found in only 2.6 per cent of the nasal cavity cases, 
but in 22.8 per cent of the nasopharyngeal cases. 

Because of these unpromising reports, it was 
decided to limit the preliminary study to 45 exam 
inations on 13 patients newly admitted to the 
wards because of proved or a strongly suspected 
diagnosis of pulmonary tuberculosis. These pa- 
tients had not vet been placed under tuberculous 
chemotherapy. The material for examination was 
obtained in accordance with a modification of a 
method described by Mankiewicz! for obtaining 
pharyngeal cultures. Swabs were made by tying 
gelatin sponge (Gelfoam®) strips to applicator 
sticks with suture material. After swabbing the 
aren under investigation, the gelatin sponge was 

Koryza, F., anp Cetak, J.: Casop. lek. cesk., 
1950, 89, 131. 

‘Mankiewicz, 
160. 

Manufactured by The Upjohn Company 


Canad. M. A. J., 


1953, 69, 
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digested with sodium hydroxide solution, and the 


resultant material was cultured on Petragnani 
and Lowenstein egg volk media. Slight moistening 
of the swabs just prior to use was found to be 
mechanically advantageous. The swabbed mate 
rial from each nostril and, in later cases, a pharyn 
geal swab also usually were obtained during one 
sitting. Three examinations were made at different 
times on one patient, a known heavy excretor of 
tubercle bacilli 

The results are summarized in table 1. It will be 
noted that, in this group of patients, predomi 
nantly with tubercle bacilli in the sputum, it was 


not possible to obtain any positive findings with 


the use of nasal swabs. In contrast, the pharyn 
geal swabs agreed with the sputum reports in 
ibout three-fourths of the cases in which they 


were employed, although these too would seem to 


NOTES 


have afforded a somewhat disappointing correla- 
tion. It is of interest that a swab passed only once 
through a patient’s sputum contained in a sputum 
cup, as a control, was found to be positive by the 
method employed. 

In summary: The employment of nasal swab 
cultures in patients with pulmonary tuberculosis 
does not appear to be a promising method for the 
isolation of tuberele bacilli, as judged from the 
results of the limited study presented or from the 


sparse reports in the available literature 


Rosert TrReEvVATHAN 
SAMUEL PHILLIPS 
Pulmonary Disease Service 


A Ved cal Teachina Group (Kennedy 
pital 


Hos 


Vemphis 15, Tennessee 


June 15, 1959 
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FAILURE OF DESOXYRIBONUCLEIC ACID FROM MYCOBACTERIA TO INDUCE 
BACTERIAL TRANSFORMATION ' 


transformation bacterial 


DNA 


with 


g 
using 


Bacterial 
desoxyribonucleic acid as transformation 


factor has been achieved Pneumococcus 


streptococcus, Hemophilus, and other bacterial 


genera. Immunologie properties, drug resistance, 
virulence, or enzymatic characteristies were used 
s markers. The present note reports on experi 
to induce transformation in 
DNA 
While the work was in progress, our attention was 


called 


Japanese ) 


mental at tempts 


mycobacteria with from various strains 


to a paper by Katunuma published (in 
in 1954, which claims that resistance to 
successfully to 


DNA from streptomycin 


streptomycin was transmitted 
susceptible strains by 
? Since the question is of basic 


this 


resistant organisms 


interest and sinee the results obtained in 


laboratory are at variance with those of the 


Japanese writer, they are being published briefly 


it this time. 
The desoxyribonucleic acid was prepared by 


the method of Chargafl from 
three-week-old of M. phlez, V 


Tsumita and 


surface cultures 


meqmatis, M. tuberculosis 607, BCG (strain 
Phipps and WM. tuberculosis strain H37Rv. All 
of the preparations had characteristic ultraviolet 
ibsorption spectra (maximum: 256 my figure 
l They were stored in frozen solution at —20°C 
ind used shortly after preparation 

The mvyecobacterial strains mentioned above 
vere made resistant to 1,000 of isoniazid or 
1000 y of streptomycin. Preparations of DNA 


from these strains were brought in contact with 
susceptible bacteria of the same strains, both in 
the resting phase and in the stage of rapid mul 
tiplication. The DNA in concentrations of 0.001 
to 1.0 mg. per ml. was left in contact with the 
bacteria for periods of 0.5 to 24 hours. The ex 
periments were performed in Sauton medium as 
well as in liquid Tween*-albumin medium with 


and without special aeration. All attempts to 
transfer drug resistance under these conditions 
were completely negative. With some of the 


saprophytes the spontaneous mutation rate was 
in no instance did DNA significantly 
the mutants 


high, but 


increase number of resistant ob- 


served 
were 


marker, attempts 


bacilli of 


Using virulence as a 


made to transform avirulent tubercle 
This work was supported by research grant 
£2104 from the National Institute of Allergy 
ind Infectious Diseases, National Institutes of 
Health, U. S. Publie Health Service 
Katrunuma, N.: Kekkaku, 1954, 29, 19 
Tsumrta, T., and Cuarcarr, E.: Biochim 


et hbiophys acta. 1958, 29, 56S 


03 
| 
| 
0.24 
| 
0.0 T T T T T T T T 
230 240 250 260 270 280 290 300 
mp 
Fic. 1. Absorption spectrum of desoxyribo 


nucleic acid from M. tuberculosis strain H37Rv 
the strain H37Ra into virulent variants by expos- 
ing them to DNA from the virulent strain, H37Rv 
At first, these experiments appeared to be success 
ful. Plating out of H37Ra, ten-day-old Tween 
albumin cultures of which had been in contact with 
DNA from H37Rv for thirty minutes, vielded a 
few cord-forming colonies which morphologically 
strains 
this 
Similarly, it was not possible to select 


resembled virulent However, upon sub- 


sequent transfers, apparent characteristic 
was lost. 
virulent forms by massive infection of mice with 
the DNA-treated H37Ra culturing the 


organs of these animals at intervals up to sixty 


and 


davs after infection. 

Finally, an equally unsuccessful attempt was 
made to transform nonpigment-forming sapro 
phytes (VW. tuberculosis 607, M into 
pigment-forming saprophytes by 
with DNA from M 

In summary: All attempts failed to induce trans 
(DNA 
to 


smegmatis) 
treating them 

phlei 

acid 


formation with desoxyribonucleic 


preparations from mycobacteria. Resistance 
streptomycin and isoniazid, virulence, and pig 
ment formation were used as genetic markers in 


these experiments. 


Hvuspert Biocu 

ALBERT WALTER 

Y. YAMAMURA 
De partme nt of Vicrobioloaqu, School of Vedicine 
University of Pittsburgh 


Pittsburgh, Pennsylvania 


June 17, 1959 
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SOME OBSERVATIONS ON THE USE OF BENZALKONIUM CHLORIDE 
(ZEPHIRAN*) IN TUBERCULOSIS BACTERIOLOGY 


This laboratory has been studying the effects 


of benzalkonium chloride (Zephiran*), a quater 
nary ammonium disinfectant, on various types of 
mycobacteria. During these studies, certain ob 
servations were made which, although not highly 
the 


susceptibilities, 


relevant to basic problem of differential 
had sufficient practical interest 
to warrant publication as a separate Note. These 
observations deal with the applicability of benz 
alkonium chloride as a decontaminant for speci 
mens to be cultured for Ve obacterium tuberculosis. 

Hirsch' has reported that 0.05 per cent benz 
alkonium chloride is bactericidal for nonacid-fast 
bacteria and for saprophytic mycobacteria, but 
not for tubercle bacilli. On the other hand, levels 
as low as 0.0002 per cent of benzalkonium chloride 
in liquid medium exhibited approximately equal 
effeets on tubercle bacilli as on 
The 


confirmed this with a number of strains of tubercle 


bacteriostatic 


nonacid-fast bacteria. present writer has 


bacilli and saprophytie mycobacteria (unpublished 


observations). Patterson?? has proposed tri 
sodium phosphate benzalkonium chloride diges 
tion and decontamination procedure for sputum 


Although this procedure compared 


favorably in 
sensitivity with standard digestion procedures, it 
lethal 


the benzalkonium chloride treatment, 


is not possible to attribute absolutely 
effects of 
since all clinical specimens had to be treated with 
Although 


bactericidal action ean be evaluated in cultures 


some digestant to avoid contamination 


grown in vitro, the question arises whether bacilli 


from human pathologie materials are equally 


resistant to the agent. Possible effects of carry- 


over of benzalkonium chloride to various culture 


also were of interest; Patterson stated 


media 


that the use of Petragnani medium minimized 


this problem 
the study to resected 


By limiting present 


tuberculous lesion ° it wis possible to examine 
the effect of benzalkonium chloride on bacilli, as 
they occur in man, by comparing treated with 
untreated aliquots of the same specimens; con 
tamination in earefully handled resected lesions 
Is ho problem 

over”’ of benzalkonium 


The question ot “eaurry 


Hirsen, J. G.: Am. Rev. Tubere., 1954, 76, 
312 
Parrerson, R. A., 
1956, 74, 284 
Parrerson, R. A 


1429 


et al.: Am. Rev. Tuberec., 


: Am. J. Pub. Health, 1956, 


for M 


chloride in concentrations bacteriostatic 


tuberculosis was first considered. 


Phospholipids are known to inactivate quater 
nary ammonium egg medium 
should neutralize benzalkonium chloride, whereas 


disinfectants, so 


a simple agar medium would be less likely to do , 


so. Léwenstein-Jensen egg medium slants and 
glucose-albumin agar slants (4 ml. per slant) were 
employed. Four medium were 
flooded with 0.1 ml. of each of a series of dilutions 
of benzalkonium chloride. A pair of tubes of each 
dilution and medium were permitted to stand for 
one hour, and the other pair for twenty hours 
Each tube then inoculated with a drop of 
1:100 dilution of a twenty-four-hour Dubos 
Tween®-albumin broth culture of W. smegmatis, 
which is sensitive to the bacteriostatic action of 
benzalkonium chloride. 


slants of each 


was 


One-tenth of «a milliliter of 0.25 per cent benz 
alkenium chloride, after standing twenty hours 
on the egg slants, had no effect on growth of the 
The 


after only one hour’s standing before inoculation, 


WV. smegmatis same type ol preparation, 


caused a slight attenuation of growth. One-tenth 


of a milliliter of 0.05 per cent benzalkonium 
chloride on egg slants exhibited no residual 
bacteriostatic effect. On the other hand, even 


after a twenty-hour equilibration, complete in- 
hibition occurred with 0.1 ml. of 0.05 per cent 
benzalkonium chloride. No differences were noted 
bet ween cne- and twenty-hour equilibrations 

the 
of benzalkonium chloride from inoculum 


It was concluded that “carry-over” effects 
o egg 
medium may safely be ignored, but carry-over to 
agar medium can be significant 

A series of tissue homogenates representing 54 
fresh resected lung lesions was examined. 


Details of the handling have been described 
previously.' One-tenth milliliter of homogenate 
was inoculated onto a control tube of Léwenstein- 
Jensen and one of Petragnani medium. A similar 
inoculum was mixed with 0.1 ml. of 0.1 per cent 
benzalkonium chloride, permitted to stand for one 
hour, and then inoculated Loéwenstein- 
Jensen slant. It was also desired to determine 
effects on small numbers of bacilli because it is 
known® that the bactericidal action of the quater- 
nary ammonium agents is a function, aot only of 
concentration of the agent, but also of concen- 


onto a 


‘Wayne, L. G., D.: Am. Rev. 
Tubere., 1956, 74, 376. 
Knox, W. E., et al.: J. Bact., 1949, 58, $43 
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TABLE 1 


BENZALKONIUM CHLORIDE 


(ZEPHIRAN) 


Direct Homogenate 


Specimen 


Homogenate 


Diluted 1:100 


913 


LE BacILLi FROM RESECTED LESIONS BEFORE AND AFTER TREATMENT WITH 


Léwenstein-Jensen Petragnani Benzalkonium _Léwenstein-Jensen Petragnani Benzalkonium 
Control Control Chloride-Treated Control Control Chloride-Treated 

936-58 +++ +++ ~+ 4+ + 
177-58* ++++ ++++4 + 4 ++ 
142-59 ( + -+ + 15 24 20 
179-59 + 4+ + 30 40) 
595-59 + 0 100 18 
999-58 5O 9 10 0 0 0 
851-58 5 l 6 0 0 5 
595-1-58 7 0 0 0 0 0 
603-1-5S8 6 0 0 0 0 0 
685-58 0 0 l 0 0 0 
38-59 0 0 0 0 $ 0 
308-59 7 0 12 7 l l 
311-59 l 0 0 0 0 0 
483-59T Cc Cc 30 Cc ( 0 
552-59 24 0 7 0 0 l 


Growth is recorded as + to ++++; arabie numerals represent actual colony counts when less than 


50 colonies appeared. Contaminated tubes are represented as ‘‘( 
type of anonymous Mycobacterium. 


* This organism was a ‘“‘Battey”’ 


+ All controls carried Staphylococcus, which presumably was present as a secondary invader. 


tration of the bacteria. Therefore, control slants 
were also inoculated with 1:100 dilutions of the 
homogenates, and similar dilutions were treated 
with benzalkonium chloride. 


Of the 54 lesions examined, 17 yielded cultures 
positive for tubercle bacilli on one or more tubes. 
The relative growth from treated and untreated 
specimens is indicated in table 1. No significant 
effect of the benzalkonium chloride may be noted 
on the homogenates or the 1:100 dilutions thereof. 
It may be coneluded that tubercle bacilli grown 
n vivo are no more susceptible than those grown 
n vitro to the bactericidal action of benzalkonium 
chloride. Some differences in susceptibility of 


certain ‘anonymous’? mycobacteria are under 


investigation. 


In summary: Benzalkonium ehloride at 0.05 


per cent final concentration, when used as a 
decontaminating agent for specimens to be cul 
tured for tubercle bacilli, may be carried over to 
agar medium in quantities sufficient to exert some 
effect. 


“carry-over” effect on egg medium. 


bacteriostatic There is no. significant 


Bacilli from resected lesions were just as viable 


after benzalkonium chloride treatment as were 


bacilli from untreated control sp 


LAWRENCE G. WayNne® 
Veterans Administration Hospital 


San Fernando, California 


June 19, 1959 
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HOMOGENIZATION OF VISCOUS SPUTUM 
A New Method 


The use of a paint shaker for the agitation of 


sputum and other specimens in examination for 


tuberculosis has many disadvantages. A paint 
shaker is expensive, often requires special mount 
ing to reduce noise and vibration, is bulky, and 
there is a definite hazard from aerosol contamina 
tion unless a bacteriologic safety hood is used. 

The present writers have adapted a magnetic 
stirring apparatus for homogenization of speci 


mens which overcomes the objections noted 


figure | 


This small, compact unit consists of a bar 


magnet securely fastened to the shaft of a rheo 
stat-controlled motor, and both motor and rheo 
enclosed in an aluminum 


tat are completely 


housing. To use this instrument, specimens of 
sputum ire collected on three or more consecutive 
days and transferred into a flat-bottomed, milk 
dilution bottle with «a ground-glass stopper. A 
digestant consisting of either 3 or 4 per cent 
aqueous sodium hydroxide, or a solution of one 
part of Tergitol Penetrant OS? and three parts of 
! per cent aqueous sodium hydroxide, as described 
by LaCava and Ketchum, 
volume of the specimen, and a sterile Teflon" 


is added to an equal 


covered stirring bar is inserted in the bottle. The 
bottle is then placed on the magnetic stirrer and 
the rheostat set for maximal rotation, so that the 
rapidly revolving Teflon bar creates a deep whirl 
pool. This is continued for approximately five 
until homogenization appears com 
longer periods are required, 


minutes or 
plete Occasionally, 
but never more than twenty-five minutes. The 
entire specimen is then neutralized, using a sterile 
solution of 5 per cent aqueous hydrochloric acid 
with bromeresol purple as oan indicator, and is 
ready for centrifugation. This same method can 
be used on other specimens, including pus, pleural 
ind gastric fluids, et cetera. 

The Teflon rods are sterilized in 5 per cent 


phenol or they ean be autoclaved. They are 


virtually indestructible and can be reused for 
long periods. They ean be purchased in various 
sizes, the size used depending on the volume and 
viscosity of the specimen 


The stirring apparatus requires no oiling and 


“Magne-Stir,”’ manufactured by Labline, Inc., 
3070-82 West Grand Avenue, Chicago 22, Ilinois. 

manufactured by Carbide & Car 
hon Chemicals Co., 30 East 42nd Street, New 
York 17, New York 

LaCava, F. W., ann Kerenum, M. E.: Am. 


Rev. Tubere 143, 47. 631 


mogenization of sputum and other specimens 


Magnetic stirring apparatus for ho 


no special care. It is capable of handling a large 


volume of tuberculous specimens. The use of 
this machine, along with the digestion mixture 
(Tergitol and sodium hydroxide), has proved 
extremely successful in the writers’ hands. 

In Summary: \ small, compact, inexpensive 
viscous 


homogenizer for processing extremely 


specimens, using a detergent-digestion mixture, 


has been described 


Joserpn H. 

Tuomas EK. Corcoran 
Laborato: y Service 

Administration Center 


Des Moines. Towa 


Velerans 


July 27, 1959 
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LONGITUDINAL STUDIES IN EMPHYSEMA 


III. Sputum Eosinophilia 


Pulmonary emphysema is among the many 
conditions seen with increasing frequency in a 
population with an ever-advancing life ex- 


pectancy. This condition has been classified 


loosely as a “‘degenerative’’ disease, partially at 
least, because of lack of adequate information on 
its etiology. 

One of the primary confusions about em 
physema is the differentiation between the pri- 
mary or idiopathic form and the secondary type 
of this process. The former condition appears in 
mid-life, almost always in males and in those with 
no allergic background. The secondary condition 
develops on an extrinsic or intrinsic allergic 
background. It may appear at any age, in either 
sex, and the history and/or physical examination 
reveals the underlying allergie process. 

Chronic obstructive pulmonary emphysema 
“nseudo-hypertrophic emphysema’’) is a common 
cause of dyspnea and asthmatic attacks. It begins 
with «a gradual loss of exercise tolerance and 
dyspnea on exertion. Patients have more difficulty 
in the beginning during daylight hours, and 
nocturnal attacks occur usually only after the 
disease has progressed. The attack differs materi 
ally from that seen in bronchial asthma, in which 
the dyspnea and wheezing persist for hours, unless 
specifically treated, and terminate gradually. In 
contrast, the asthmetic attack due to emphysema 
is of short duration and is relieved promptly by 
coughing up plugs of mucus. In a typical case, 
cough and expectoration occur when the patient 
retires for the night. Once having cleared his 
bronchial tubes he goes to sleep, to awaken with 
cough and dyspnea several hours later. He usually 
sits on the side of the bed for a few minutes, 
succeeds in coughing up mucus, is_ relieved 
promptly, and is able to sleep again for several 
further accumulation of mucus 


hours before 


initiates another attack. Those who have less 
ulvanced disease and who have no nocturnal 
attacks need a few minutes to an hour or two on 
arising to clear the respiratory tract and to stop 
the dyspnea and cough which occur at that time. 
Emphysema is not an allergie condition. It is 
wsociated with atrophy of the alveolar and in 
fundibular walls and subsequent rupture of the 
walls, and the formation of air-containing cavities 
of various sizes. There is obstruction of the end 
arterioles of the bronchial circulation with ulti- 
mate development of collateral circulation be 
tween the bronchial and pulmonary arterioles. 


915 


Fibrosis of smail bronchioles, especially near the 
respiratory bronchioles, is 2 common finding. 

The frequency and severity of the nocturnal 
attacks are determined by the amount of patho- 
logic changes in the larger bronchi, i.e., the 
severity of the accompanying chronic bronchitis. 
Examples of emphysema are seen in which there 
are no cough and no nocturnal attacks, the 
dyspnea being entirely exertional. The etiology is 
unknown. 

The above-mentioned condition must, of course, 
be differentiated from pulmonary fibrosis due to 
tuberculosis, silicosis, asbestosis, et cetera, from 
so-called acute idiopathic 


Ayerza’s disease, 


pulmonary fibrosis, tumors obstructing the 
bronchial tree from within or without, and from 
aneurysms. 

As part of this ’ 


emphysema, it seemed desirable to follow possible 


mg-range study of patients with 


changes in the character of the sputum and its 
microscopic appearance and to relate’ these 
changes to the clinical course of the disease. The 
morning sputum was collected from Monday 
through Friday of each week for twenty-eight 
consecutive weeks. Morning sputum rather than 
twenty-four-hour volumes were used because the 
subjects were ambulatory, living at home, and 
wished to avoid the difficulties of more complete 
collection. In addition, the first sputum raised by 
an emphysematous patient on arising represents 
the accumulation in the bronchial tract for several 
hours and is thus likely to be a representative 
sample, usually undiluted by saliva. The sputum 
specimens were examined for color, consistency, 
homogeneity, presence or absence of mucus or 
purulent plugs, and were stained with eosin 
methylene blue. The stained slides were examined 
for the type and number of leukocytes present, 
the percentage of eosinophils, and the relative 
bacterial content. 

The 30 patients chosen for this phase of the 
study all had typical histories of primary or 
chronic obstructive pulmonary emphysema, classi- 
eal physical signs, and confirmatory functional 
studies. All began with exertional dyspnea around 
the fortieth year without nocturnal dyspnea and 
with gradual progression of the loss of respiratory 
reserve. In the more advanced stages, attacks of 
nocturnal dyspnea occurred which were relieved 
by coughing up pivgs of mucus within a period of 
five to fifteen minutes. These attacks differed 
materially from those seen in true bronchial 
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Emphysema - Sputum Eosinophilia 


60 80 100 


Eosinophilia 
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TIME IN MONTHS 

Fig. 1. Graph showing periodic sputum eosino- 


philia in an emphysematous patient. 
asthma. Despite the typical history and appear 
ance of these patients and a negative history of 


true bronchial asthma, each was tested intra 


dermally with the following inhalant allergens: 
horse dander, mixed feathers, dust (Endo 
timothy pollen, oak pollen, dog dander, alternaria, 
ragweed pollen, cat dander, and tobacco. None 


gave significant reactions 

Fifteen of the 30 patients, followed as deseribed 
ubove for twenty-eight weeks, showed periodic 
These 


appeared at intervals from a day on 


“showers’” of eosinophils in the sputum 
‘showers 
two to three weeks, and lasted usually for a day 


or two Between the appearances ol these 


eosinophilic showers, frequently none or only an 


ocensional eosinophil was found. There seemed 
to be no gross change in the appearance of the 


sputum during these ‘‘showers.”’ 


Graphic records of 2 of these patients are shown 


in figures 1 and 2 


Intensive attempts have been made to correlate 


these eosinophilic ‘flares’? with an increase in the 


patient's symptoms or with meteorologie con 


ditions, including temperature, humidity, baro 


metric pressure, wind direction, and mass air 


movements. Each patient filled out a record form 


figure 3) which gave his own impression of his 


day-to-dey progress. It seemed that this method 


of survey would be less subject to error than 


daily questioning of the patient, as it would avoid 
aut least one variable, the psychologic attitude of 


the examiner. Experience with true bronchial 


asthmatics has demonstrated that marked sputum 


eosinophilia, such as that seen in these em 


physematous patients, is invariably associated 


witha marked increase in svymptoms—in fact, with 


i severe asthmatic attack. The sputum eosin 


ophilis in these patients could not be corre 


lated either with changes in symptomatology or 
with any of the meteorologic conditions. 

Only 4 of these patients had eosinophilia in the 
peripheral blood ranging from 4 to 10 per cent 
There is no adequate information as yet regarding 
the fluctuation of blood eosinophilia in relation to 
that inthe sputum. So far as could be determined, 
none of these patients had any parasitic in 
festation. 

Since it was not possible to implicate inhaled 
extrinsic allergens as an etiologic factor in the 
production of the eosinophilia noted, it seemed 
advisable to investigate the etiologic relationship 
of common respiratory bacteria. Sputum cultures 
of enterococcus, Aerobacte r aerogenes, Pse udo 
monas dé ruginosa, and E. coli were grown on 
synthetic media, and merthiolate-killed vaccines 
containing 5 billion organisms of each were made 
A mixture of these, containing 5 billion organisms 
nebulization into the 


per ml., was used for 


bronchial tree and this was sprayed by inter 
mittent positive pressure (Bennett) for fifteen 
minutes into one of the writers on two different 
occasions. No reaction of any kind was observed 

Six of the emphysema patients who had periodic 
sputum eosinophilia were then studied as follows: 
A morning sputum sample was obtained and 
stained for eosinophils; if one or only a few were 
present, the subject was nebulized as described 
above for fifteen minutes, using the full-strength 
mixture. Attention was paid to the occurrence of 
acute reaction or more delaved increase in s\ mp 
toms, and sputum was collected each morning for 


three days. Although 2 of the patients had acute 


Sputum Eosinophilia 
te} 
Emphysema 
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Fic. 2. Graph showing periodic sputum eosino 
philia in an emphysematous patient 
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teen *List any activity of the previous day which was different from your usual routine 
rent | which might have some connection with how you feel today--gych ag: Indoors all day - 


ved Chilled in the rain - Exposure to dust, fumes, chemicals, etc. - Different medicine - 
odic Spent time off the station - Ate meals off station - Smoked more - Drank more - 
—— Food did not agree - Reported to Sick Call - Unusual exercise - Excitement or 
; nervous strain - Upset over personal affairs - or anything out of the ordinary. 
ane 
wees } Fig. 3. Form used by patients to record daily condition. 
ibed 
ngth 7 Leukocytosis in Allergic Wheals 
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Fig. 4. Differential counts in tissue section of allergic wheals. 
bronchial obstruction necessitating hospitali pathognomonic of an allergie reaction and that, 
= zation for forty-eight hours and 2 others had _ if serial examinations fail to demonstrate them in 
4 definite, but less acute, exacerbations, no increase quantity, the process should be regarded as 
* in sputum eosinophilia was seen. infectious.' Local eosinophilia in allergic reactions 
is of a transient nature, occurring during the first 
a It is generally accepted by allergists that a high ! FernperG, 8. M.: Allergy in Practice, Year 


concentration of eosinophils in an exudate should = Book Publishers, Inc., Chicago, Illinois, 1946, 


‘ino be regarded not only as characteristic but as p. 413. 
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to forty-five minutes and dropping sharply 
studied the 


thirt, 
thereafter Kline and associates? 
histology of ragweed wheals in tissue removed 
from human skin at periods of five minutes to 
twenty-two hours after injection of the antigen 
Differential cell counts were made, from which 
figure 4 was constructed 


It is 


lortyv-five 


bvious that tissues examined within 
minutes after injection of the antigen 
would be reeognized as allergic; those examined 
thereafter would be undifferentiated from various 

ordinary inflammation. One of the 


\IBC 


eosinophils in nasal secretion after introducing a 


degrees 
writers studied the time of appearance of 
dose of ragweed pollen into the noses of 
They 
ninety minutes, reached a peak around two hours, 
gradually When a very 


several 


hav fever patients began to appear in 


disappeared large 
dose of dry pollen was introduced o1 
successive doses were administered during the dav, 
eosinophils were present in the nasal secretion for 
several a s. It was in the light of this observa 
tion that the conclusions were drawn from sputum 
collected for three successive mornings 


As none 


the existence of bronchial asthma, attacks typical 


of these patients had histories indicating 


1982, 3, 531. 


Unpublished report 


Kune, B. S., ef al.: J 


M. B 


of the disease, or skin reactions to common 
allergens, so-called atopic disease can be excluded 
as well as intrinsic asthma, which has all the 
clinieal and histologie characteristics of an allergic 
reaction without demonstrable antibodies or an 
tigen. The eosinophilia occurring in these patients 
then cannot be explained on the basis of allergy 
unless it be an allergy of a type as vet not under 
stood 

In summary: Fifteen of 20 nonbronchial asth 


matic emphysematous patients had “showers 


of eosinophils in the sputum at intervals of a few 
could not 


days to a few weeks. These “showers” 


be correlated with patients’ symptoms or with 
meteorologic conditions The finding of it high 
eosinophilic content in a secretion is not neces 
sarily evidence of an allergic process which 
requires specifie diagnostic or therapeutic methods 


for its elucidation 


Mitton B. Cour 
Josern V. HamMet 
H. Lawton 
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Anripiotics MoNoGRAPH No. 11: MoperRN 
CHEMOTHERAPY OF TuBERCULOsIS. By Roger 8. 
Mitchel! and J. Carroll Bell. Pp. 109, Medical 


Eneyelopedia, Inc., New York, 1958. Price, $4.00. 


This little book is number 11 in the series, Anti 
hiotics Monographs, published under the editorial 
direction of Henry Welch and Felix Marti-Ibanez. 
Doctors Mitchell and Beil have combined their 
talents effectively to produce a clear and concise 
monograph that is amazingly comprehensive for 
its size. Although not exhaustive, the bibliography 
of 510 references is complete enough to serve as an 
excellent starting point for the student. 

The subject 
chapters entitled: ‘‘History,” 
“NIodes of Action,” 
‘Drug Resistance,’ *“‘Modern Chemotherapy of 
‘Diseases and Conditions Having 


matter is well organized into 
“Pharmacology,” 
“Dosage,” ‘Regimens,’ 
Tuberculosis,” 
in Adverse Effect upon the Course of Chemo 
therapy of Tuberculosis,’ “Chemotherapy with 
New and Less Used Drugs,’ and ‘Results of 
Antitubereulous Chemotherapy to Date.’’ Most 
of these topies are discussed in a simple and 
straightforward manner suitable primarily for the 
medical student, the general practitioner. and 
other nonspecialist groups. There are many illus 
trative charts and tables which summarize very 
well much of the data discussed in the text 

The sections on pharmacology, modes of action, 
mechanisms of drug resistance, dosage, and regi 
mens are particularly well conceived. In addition, 
there is a good discussion of the value of certain 
ancillary measures, such as bed rest, steroids 
collapse therapy, and patient education. 

One could take issue with some of the state 
ments made, and point out a few omissions. For 
instunee, tuberele bacilli contain comparatively 
small amounts of endogenous catalase (rather 
than large amounts) when compared with certain 
other mycobacteria and nocardia. After the de 
scription of the reduced virulence of isoniazid 
resistant tubercle bacilli, it is stated that a similar 
phenomenon has been observed with other anti 
tuberculous agents and there is cited the attenua 
tion of virulence of organisms grown for prolonged 
periods in culture media containing Promin.* 
The mechanism responsible for this attenuation 
has not been adequately studied but it is un 
doubtedly quite different from the phenomenon 
under discussion 

The lack of correlation between isoniazid re 


sistance in vitro and the elinical effect of the drug 
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is stressed too much, in the opinion of the reviewer. 
One almost gains the impression that it makes 
little difference if the bacilli are susceptible or 
resistant, although in fact a loss of effectiveness 
of isoniazid is commonly seen in association with 
bacillary resistance even though progression of 
disease may be deterred 

The discussion of drug toxicity is verv informa- 
tive. One should note, however, that, although 
the ability of cycloserine to increase the tolerated 
dose of isoniazid in animals is pointed out, the 
more important excessive central nervous system 
toxicity of the eycloserine-high-dosage-isoniazid 
regimen in man is not mentioned. 

The section on atypical tuberculosis could be 
more informative, especially in regard to specific 
suggestions for therapy. 

Finally, the bibliography in a few instances is 
not completely accurate. References to the simul- 

neous discovery of isoniazid by three phar- 
maceutical houses include papers from only two 
of them. References in support of the concept of 
a direct relationship between clinical response 
and degree of inactivation of isoniazid are five in 
number, but only one of them represents relevant 
published material. One is a personal communica- 
tion, one refers to unpublished data of one of the 
authors, and two cite papers which do not deal 
with clinical response at all. 

These relatively minor faults detract but little 
from the over-all value of the monograph. For 
those who desire a brief summary of all of the 
pertinent facts on the drug treatment of tuber 
culosis, presented in an easy-to-read, concise 


manner, it can be highlv recommended 


EMANUEL WoLINSKY 
Cleveland, Ohio 


YEARBOOK OF DruG Therapy. Edited by Harry 
Beckman. Pp. 569, Year Book Publishers Ine., 
Chieago, 1959. Price, $7.59. 


This volume is a collection of abstracts of timely 
articles from the medical literature dealing with 
recent developments in drug therapy. The material 
is organized into twenty-two categories according 
to general type of disease; therefore, abstracts 
pertaining to any one new drug may appear under 
several disease headings. There is, however, no 
duplication, and articles on the same drug are 
cross-referenced. A comprehensive subject index 


and complete author index have been included; 


Books 
| 
} 
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and the printing, binding, paper, and editing are 
of good quality. 

The editor has selected and abstracted articles 
with the objective of presenting a world-wide 
cross-section (excluding Iron Curtain countries 


of research and opinions on the most important 


new drugs and new uses for old drugs. A more 
critical selection would eliminate some trivial 
studies and make the book smaller and more 


useful. The editor has interpolated remarks, cross- 


references, critical comments, and precautionary 
notes in fine print between the abstracts. Since 
the 


articles mention drugs only by trade or generic 


in many instances authors of the original 


name, it would be useful if these interpolations 


were expanded to inciude comments on the 
chemical and pharmacologic properties of the 
drugs. It would also be valuable to indicate 


whether the agent in question is completely new 
or, if not, its relationship to known drugs. In a 
book issued annually, as is this one, opinions of 


the usefulness of a drug would be expected to 
swing from one extreme to another; however, the 
editor by judicious vse of comments has contribu 
ted 


a desirable stability 
the original 


results 


briefly 


the 


abstract describes 


research and summarizes obtained 


Opinions and judgments appear to be those of 


the authors of the original contribution, but 
occasionally the reader wonders whether they are 
those of the editor. The heterogeneity of the 


material presented obviates continuity and de 
tracts seriously from the readability of the book 
‘The condensation and pre-digestion inherent in 
the abstracting process tend to impair the reader's 
interest. In spite of these objections, the book 
should be quite vseful to the physician who wishes 
to make a rapid annual survey of new drugs, but 
who does not have access to good library facilities. 
It should also serve him well as a ready reference 
for dosages, expected results, and side effects 
For the medical student or investigator it is a 
recent literature, and 


satisfactory entree to the 


the may adequately survey 


fields other than his primary interest 


lor specialist it 


hart H. DEARBORN 
Pearl River, New York 


BOOKS 


PRINCIPLES OF INTERNAL Mepictnge, Third Edi- 


tion. Edited by T. R. Harrison, Raymond D 
Adams, Ivan L. Bennett, William H. Resnik, 
George W. Thorn, and M. M. Wintrobe. Pp. 


1839, The Blakiston Division, McGraw-Hill Book 
Company, New York, 1958. Price, $18.50. 


If this volume contained nothing else of value 
(which is certainly not the case), the first 500 
pages would more than justify its conclusion in 
every medical library, for in these pages is con- 
tained a superb review of the cardinal manifesta 
tions of disease and of basic biologic mechanisms 
important in medicine. This type of compilation 
of our current understanding of normal and 
pathologie physiology in relation to symptoms and 
signs is regrettably lacking in many contemporary 
textbooks of medicine despite almost universal 
acknowledgment of the importance of such under- 
standing as a foundation in clinical medicine. 
The scope of this section of the book may be 
indicated by noting that the general topies con- 
sidered include pain, fever, disturbances in respira- 
tion and circulation, indigestion and jaundice, 
polyuria, oliguria, uremia and edema, alterations 
in weight, anemia, bleeding and lymphadenopathy, 
and disorders of nervous function. Considered also 
are inheritance, development aging, 
plastic diseases, fluid and electrolyte balance, 


and neo 
intermediary metabolism, and electrophysiology. 

The remainder of the volume contains descrip- 
the 
internal medicine. These pieces are, by and large, 


tions of various disease states germane to 
up to date, authoritative, concise, and scholarly, 
though it may perhaps be questioned whether 


infections and infestations, which are accorded 
335 pages of text, are presented in realistic propor 
tion to, say, diseases of the cardiovascular system, 
which occupy 108 pages 


The book 


needed comment on “‘iatrogenic’’ disorders which 


coneludes with a brief but sorely 


seem to be increasing in frequeney in parallel 
with the potency of our therapy 

All in all, this is a fine textbook of medicine 
As indicated above, its consideration of medical 


fundamentals makes it stand out. It cannot be 


perused without profit 


J. A. BARONDESS 
New York, N. ¥ 
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American Trudeau Society 


Medical Section of the National Tuberculosis Association 


Obituaries 


Frank Ardary Craig 
1876-1959 


Dr. Frank A. Craig died on May 11, 1959 in 
his eighty-third vear. He had been one of the 
few surviving founders of the National Tubercu- 
losis Association, and he represented in many ways 
the fine qualities of those organizers of the first 
great health agency. Although 
leader, his steadfast and undaunted will to fight 


never a great 
tuberculosis and to work long vears for its control 
or eradication was the stuff which such men as 
Flick, Biggs, 
durable and successful organization. It is good 


and Trudeau needed to form a 
that Dr. Craig lived to attend the fiftieth anniver 
sarv of the founding of the National Association 
for the Study and Prevention of Tuberculosis at 
Atlantic City and then to see the virtual control 
of tuberculosis in the United States and the begin 
ning revival of the old crusading spirit against a 
myriad of respiratory illnesses. 

Dr. Craig was born in Philadelphia on Sep- 
tember 28, 1876, and was graduated from the 
Medical School of the University of Pennsylvania 
in 1898. He served for most of his life as president 
of his medical school class, a token of the affection 
and respect felt for him by his classmates. His 
first inclination was toward the new specialty of 
pediatrics because of his love for little children, 
but after an St. 


internship at Christopher's 


Hospital, outpatient work at the Pennsylvania 
Vienna, he 
Flick’s 


ubereulous Fifth 


Hospital, and six months study in 
Dr 
venture in the nearby heavily 
Ward of the city. 

Closing his recently (1902) opened and usually 


caught the enthusiasm of Lawrence 


empty office on Thirteenth Street, he joined the 
staff of the Henry 
first month of operation on Pine Street at the same 
H. R. M. Uandis. He remained to 
become Associate Director of the Institute and, 


new Phipps Institute in its 


time as did Dr 


in his parallel academic career on the medical 
faculty of the University of Pennsylvania, he 
progressed steadily from Assistant Instructor in 
Medicine in 1903 to Emeritus Professor of Clinical 
Medicine in 1954. As the staff of the Institute was 
ilso the visiting staff of the White Haven Sana 
torium he served as Visiting Physician to that 
sanatorium from 1906 and as its Medical Director 
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from 1935 to 1946. He was also on the staff of the 
Philadelphia General Hospital and the Presby- 
terian Hospital of Philadelphia for many years. 

In addition to being a charter member of the 
National 
active member of a large number of local and 


luberculosis Association, he was an 


national societies, and he served vigorously on the 
executive comun.ittees and the boards of the Penn- 
sylvania Tuberculosis and Health Society and 
the Philadelphia Tuberculosis and Health 
Association. He the first President of the 
Pennsylvania Trudeau Society. He was a member 


was 


of the Committee on Housing and Community of 
President Hoover's Conference on Home Building, 
a field in which he was well qualified by his studies 
of the slums of Philadelphia. He was President of 
the William B. Lake Foundation until his death. 

Having served as a member of the Examining 
Board at Camp Dix during World War I and as 
physician in charge of the health survey of the 
police and firemen of the City of Philadelphia in 
1920, he became an early advocate of regular 
annual physical examinations. As a_ result 
edited and helped to write Diseases of Middle Life, 
a work published in two volumes in 1923, which 


he 


foreshadowed the field of geriatric medicine. He 
contributed numerous articles to medical journals 
over a period of fifty vears, but his booklets on 
Early Days at Phipps, published at the time of the 
Fiftieth Anniversary of that Institute, and the 
Story of White Haven Sanatorium, written after 
that sanatorium closed, were two labors of love. 
In 1953 he was given a citation from the General 
Alumni Association of the University of Penn- 
svlvania on Founder's Day. In 1958 he received a 
medal from the Philadelphia Tuberculosis and 
Health Association. In May, 1959, he was awarded 
the Will Ross Medal of the National Tuberculosis 
Association posthumously. Although he did not 
survive an operation for carcinoma, he had known 
of this award for several weeks and had charac- 
teristically and modestly written out his apprecia- 
tion of the honor 

His many friends and co-workers at all levels 
miss his unique combination of outer gruffness 
with inner love for all mankind, of the Union 
League type of political conservatism with ready, 
outspoken defense of the human rights of the 
and, above all, of 


underprivileged, apparent 
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sternness with unfailing teasing, wit, and good 


humor. He enlisted in a crusade against tuber- 


culosis and poverty in 1903 and never retired from 
the battle 


L. 


Frederick George Novy 


1864-1957 
One of the truly great spirits in American 
medicine, and an honorary member of the Ameri 
can Trudeau Society, Dr. Frederick G. Novy, 


1957 


bacteriology 


died on August &, 
field of 


He was a pioneer in the 


new and one of the last 


survivors of the group of eager young Americans 


went t 


Europe to work and study in the 
laboratories of Robert 


Born in Chicago in 1864, the son of Bohemian 


ho 


Koch and Louis Pasteur. 


parents who that vear had come to America, he 
was studious and interested in the world about 


him. Stimulated to an interest in chemistry and 


microscopic forms of life by an unusual high 


school teacher, he earned money by ecarrving 


papers and working at night in the public library 
until funds were available for the purchase of a 
microscope of his own. Then followed his examina 


tion of the swamp lands around Chicago and his 


first original work, a description of a form of 
volvox not previously found in this country. This 
early curiosity, followed by years of solid pro 


ductivity, was later dramatized by the presenta 
tion to him of the 250,000th microscope by Bausch 
ind Lomb 

Specializing in chemistry, Dr. Novy graduated 
from the University of Michigan in S86 and soon 
an offer to teach in the Depart 


later 


ultetr necepted 


ment of Organic Chemistry there, trans 
ferring to the Department of Hygiene and Physio 
Victor C 


This was the beginning of a long association and 


logical Chemistry headed by Vaughn 
collaboration 


With Vaughn, Novy 


theory,” 


became interested in the 


ISSS both went to 


lab 
He brought back with him equipment to 


‘germ and in men 


Kurope to take a course given in Koch's 
oratory 
teach the new subject, which he did so successfully 
the 


that it beeame a requirement in medical 


curriculum in the following vear, Among 
those in the first class was the Professor of Physiol 
who 


ogy, Henrv Sewall, a victim of tuberculosis, 


wished to study his own case with the new tech 
niques 

In this country, Dr. Novy aequired prestige 
as a teacher and investigator. He became Professor 
of Bacteriology in 1902 and retained this appoint 
ment until his retirement in 1935. The quality 
of his work led to his appointment as a member 


of the United States commission to study bubonic 
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plague in San Francisco, to an important role in 
the founding of the Society of American Bacteriol 
ogists, and caused him to maintain a close and 
effective liaison with the Michigan State Depart 
Health. 


study of ptomaines 


ment of His earlier work embraced the 


done in collaboration with 


Dr. Vaughn investigations in anaerobic or- 
ganisms, and publication of a chemical textbook 
for medical students and a Laboratory Manual of 
In 1907 he 
from laboratory animals and reported upon it in 
1910. In 
appeared, but amazingly enough many vears later 


Although 


Novy completed work on 


Bacteriology isolated a filterable virus 


some mysterious wav the cultures dis 


were discovered and found viable 
advanced in vears, Dr 
this retrieved culture and, with the help of pre- 
vious carefully made notes, published his findings 
in 1953 

He is probably best known for his investiga- 
tions of trypanosomes and spirochetes and, be- 
cause of his absorbing study of the latter, acquired 
the nickname of “‘Spi,’’ a name used affectionately 
by students and friends for the remainder of his 
life 

His 


Various times 


interest in tuberculosis cropped out at 


from laboratory procedures, com 


municability, and prevention in 1894; through 
studies in respiration in 1925; respiration of the 
bovine bacillus in 1927; and bis Kober Lecture on 
respiration of microorganisms in 1932. One of the 
major projects of his long and successful life was 
his studies on microbie respiration, especially of 
Esmond Long, in his 


the tubercle bacillus. Dr. 


biographic memoir, commented lucidly on this 
feature of these contributions: 

Their studies gave a clear picture of all 
of the important features of gas exchange 
during the growth of tubercle bacilli, and in 
dicated that the slow growth of these organ 
isms in the body could be explained on the 
basis of respiration and multiplication under 
oxygen tension. Today 
carried out with standard 
ized equipment, such as the Warburg ap 
with which minute 
oxygen and carbon dioxide can be measured, 
in uncovering the 


conditions of low 


such studies are 


paratus amounts ol 


but no greater 
major aspects of growth is achieved than was 
attained by Novy and Soule with the more 
cumbersome but effective 


and his associates. 


mecuracy 


devices of 


In addition to being an original thinker, an 


astute observer, a meticulous, enthusiastic, and 


thorough investigator, an ingenious devisor of 


new apparatus and techniques, he was also a 


stimulating teacher and a beloved colleague. He 
Was a stern taskmaster and, on oceasions in the 


Iuboratory, his usually low voice might be heard 
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comment on a student's careless 


in stentorian 


work, infringement of rules, or poor judgment. 
However, his genuine interest in the student and 
the twinkle in his eye tempered the sting of his 
that 


of them 


and the entire class knew the com 
the all. A 


linguist of no mean ability who would impishly 


words, 


ments were for edification 


mispronounce the unsuspecting freshman’s name, 


i: master of the half-told story, who enjoved 


waiting for the slower portion of the class to 
eatch on, the possessor of an extraordinary 
memory, he was modest withal. At times as he 


rocked back and forth on his heels while lecturing 
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the class would become so 


absorbed in whether or not he could regain his 


some members of 
balance that they completely lost track of what 
was being said. 

As his students and friends would have wished 
for him, he lived to see and appreciate extra- 
ordinary developments in the science he helped 
create, and, remaining mentally alert, continued 
to be ‘a recognized authority and wise counselor, 
whose advice and assistance were constantly in 
demand” during the twenty-two years of retire- 
ment 
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NOTICES 


The following dates and locations of the next 
five annual meetings of the National Tuberculosis 


Association and the American Trudeau Society 


have been selected and approved: 
1960—Los Angeles, California—May 15-20 
1961—Cincinnati, Ohio—May 21-26 
1962—Miami Beach, Florida—May 20-25 
1963—Denver, Colorado—May 12-17 
1964—New York, New York—May 24-29 
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perforation of, after extrapleural plombage 
with synthetic balls, 775 
stenosis of, calcific, surgery in adults, 295 
thorecie, rupture of, in pulmonary tuberculosis, 
290 
primary, with rup- 
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causing obstructive emphysema in infants, 460 
main, aneurysm of, 458 
major, thrombosis of, 136 
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long-term treatment of, and chronic bronchitis, 
7M 
in the Maori, 459 
roentgenography in diagnosis of, 766 
surgery in, 294 
toruloma from, 606 
Bronchitis 


fibrosis, from intra- 


thoracic goiter, 


and cancer mortality, atmospheric deposit and 
smoke in, 613 

chronic 
in adults, antimicrobials in, 143 
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asthma, hydrocortisone acetate inhalations 

in, 127 

carcinoma, 459 

and 


bronchiectasis, long-term treatment of, 
dust exposure related to disability and mor 
tality from, 139 

in industry, 613 

, acute, 600 

Bronchodilator aerosol in bronchial asthma and 
pulmonary emphysema, 478 

Bronchography. See Roentgenography 

Bronchomycosis fenisecarum, 614 


larvngot racheo 


Bronchopulmonary 
ornithosis in France, 132 
sequestration in infancy and childhood, 459 

Bronchoscopy 
and bronchography in bronchial cancer, 610 
nitrous oxide anesthesia in, 775 
and stratigraphy, in tuberculosis, bronchial, 302 

(D.G.P. 56) 

metabolism of both lungs, 146 

Bronchotomography. See Roentgenography 

Bronchus(i) 


Bronchospirometer for recording 


asthma in 


and chronic pulmonary emphysema, pred- 


nisolone in, 766 
from food allergy, 766 


cancer of, bronchography and 


in, 610 


bre mnche SCOPY 


arcinoids of, biologic efficacy of extracts from, 
793 
carcinoma of 


and chronic bronchitis, 459 


Bi 


) ; 
|| 
C; 
Cs 
Us 
C: 
i 
re 
ar 
Car 
el 


atory 
and 


‘culin 


ntra- 


hitis, 


t and 


itions 


it. ol, 


mor- 


and 


159 
10 


1, 302 


rding 


pred- 


scopy 


from, 


INDEX OF ABSTRACTS 955 


vessels in, electrokymography 


pulmonary 
in, 128 
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Canada, Quebec, Princeville, Q fever epidemic 
in, 298 
Cancer. See also Carcinoma 
bronchial 
bronchography and bronchoscopy in, 610 
pulmonary function in, 767 
and bronchitis mortality, atmospheric deposit 
and smoke in, 613 
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Catheterization of left heart by transbronchial 
route, 479 
Cavity (ies) 
open-healing, surgery in, 294 
pulmonary, walls of, crescent-shaped cells in, 
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p-Cycloserine and isoniazid, effect of , on purified 
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ind circulatory decompensation, emphysema 
in, 128 
congestive failure of, effect of body position 
change on lung compliance in, 789 
disease 
congenital 
in infants, pulmonary complications of, 129 
pulmonary hypertension vascular 
change in, 623 
pediatric, comparison of 3 diagnostic methods 
in, 781 
pulmonary, 
and tuberculosis, mass surveys, 141 


anoxemic, 308 


left, catheterization by transbronchial route, 479 
open, surgery of, temporary cardiopulmonary 
bypass in, 294 
pathologic findings in, in death from chronic 
pulmonary tuberculosis, 482 
right, and function of lesser circulation in 
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in syndrome of congenital defects, 126 
Hemagglutinins and globulins in animals vae 
cinated with inactivated tubercle bacilli and 
treated with cycloserine or pyrazinamide, 313 
Hemangioma. See Tumor(s) 
Hemodynamics 
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septal defect, 623 
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gency thoracotomy for, 777 
Hemoptysis 
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massive, in infant with lung abscess, 135 
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idiopathic, 462 
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prednisolone in, 768 
Heparin in intravascular aggregation in induced 
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prednisolone 
in angiitis, generalized, severe pulmonary 
involvement from, 126 
in bronchial asthma and chronic pulmonary 
emphysema, 766 
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antibody 
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n, 207 


taneous, 


Japan 
mycotic infections in, 605 
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antituberculous activity of, im vitro studies 
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and other drugs, in experimental tuberculosis 
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pulmonary, 786 
in vitro, and in human tuberculosis, 476 
Kartagener svndrome 603 
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coidosis, steroids in, 620 
deaths, 289 
Kveim tests in sarcoidosis and family contacts, 


173 


Koch bacillus nontuberculous 


Lactic acid. See Acid(s 


Laparatomy, high, lung volume and function 
studies after, 292 
Larvngitis, tuberculous, in sanatorium patients, 
135 
Larvngotracheobronchitis 
acute, 600 
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“coin,” hemangiomas, sclerosing, cireum- 
scribed, of lung, appearing as, 466 
metastatic, pulmonary resections for, 136 
pulmonary 
metastatic, surgery in, 612 
and rheumatoid disease, 133 
thrombo-embolic, 131 
rounded, transient, after tuberculous pleural 
effusion in children, 467 
silicotic, from pure quartz dust, 480 
Leukemoid reaction in hematogenous tuberculosis, 
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Leukoeyte and blood resistance in guinea pigs, 
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antimicrobial activity of microphages, 626 
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perfusion experiments in isoniazid metabolism, 
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Lobe(s) 
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goiter, 462 
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Lobectomy in tuberculosis in children, 137 
Lobeline as a smoking deterrent, 771 
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786 
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abscesses of, 284 
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alveolar proteinosis of, 771 
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foreign body in, 137 
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after pneumonectomy for tuberculosis, pul 
monary, 790 
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sarcoidosis of, roentgenography in, 143 
sarcoma of, successful surgery in, 613 
scleroderma of, 604 

segments, selective angiography in, 474 


silicosis of, in retired miners, 781 
staphylococcal infection in adults, 288 

stenosis of, without ventricular septal defect, 
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and stomach, plasmacytoma of, 467 

trauma, pre-existing pulmonary disease in, 604 

tumor, malignant, presenting as eystic forma 
tion, 128 

“vanishing,” and unilateral emphysema, 604 
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systemic 
pleuropulmonary symptoms of, 464 
and rheumatoid arthritis, pleuropulmonars 
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Mass surveys. See Roentgenography 
Mediastinum 
borders of, roentgenography in, 302 
chemodectoma of, 289 
eyst of, thymic, 128 
fibrosis of, idiopathic, 461 
Medium (a) 
culture, with multiple agents, in tests for drug- 
resistant tubercle bacilli, 787 
Dubos Tween*-albumin, nicotinic acid produced 
by mycobacteria cultured on, 312 
liquid, synthetic, nicotinie acid produced by 
mycobacteria cultured on, 312 
Lowenstein-Jensen, freeze-dried, in culture of 
V. tuberculosis, 624 
solid, nicotinie acid produced by mycobacteria 
cultured on, 312 
Megakaryocytes, pulmonary, increased, in post 
operative thromboembolism, 612 
Meningitis 
eryptococeal, amphotericin B in, 144 
spinal, tuberculous, without cerebral meningitis, 
60S 
tuberculous, 608 
in the adult, 468 
after BCG vaccination, 140 
in mental deficiency, 290 
Meningocele 
intrathoracic, 769 
lateral, 464 
Mental deficiency, tuberculous meningitis in, 290 


Mepazine, pharmacodynamic control of myo 


eardial irritability by, in dogs, 314 
Mesothelioma. See Tumor(s) 
Metal cancerigenesis, experiments in, 149 
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regional, in carcinoma, bron- 
128 


of lvmph nodes, 
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Microphages, antimicrobial activity of, effect of 
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biology of, 311 
pathogenicity of, for guinea pigs, 791 
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in New Zealand, 464 
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pulmonary, 770 


test, simplified, using 
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infections with, in Japan, 605 
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bronchopulmonary, 770 
generalized, amphotericin in, 783 
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clinical studies of, 127 
and erythema nodosum, 286 
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hypercalcemia and renal 
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intravenous calcium infusion test in, 127 
mass roentgenography in, 473 
of nervous system, 605 
prednisone in, 465 
pulmonary, roentgenography in, 143 
thoracic, in a Maori, 465 
tubercles of, at 
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systemic, amphotericin B in, 303 
torulosis. See also Mycoses, ery ptocoecosis 
and Hodgkin's disease, 288 
interstitial, primary in 
roentgenography in, 474 
irritability of, 


control of, by mepazine in dogs, 314 
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losis, pulmonary, 
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Navajos, cancer of lung and female pelvis detec 


tion survey in, 77S 


Neoplasm. See Tumor(s 
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disorders of, in influenza, 463 


vestibular, damage of, from streptomycin 
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Nervous system 
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Nickel workers 


cancer of lung and nose in, 296 
lung pathology in, 297 
respiratory cancer in, 296 
Nicotinic acid produced by mycobacteria cultured 
on synthetic liquid solid and Dubos 
Tween®-albumin media, 312 
Nikethamide in respiratory failure, 623 
Nitrous oxide anesthesia in bronchoscopy, 775 
Nodes, sealene, biopsy, 
160 


Nodules, metastatic, in lung, excavation of, roent 


in chest disease diagnosis, 


genography in, 475 
Norway 
influenza pandemic from virus type A/Asia/57 
in, 297 
Oslo, city hospitals in, prognosis of tuberculous 
pleurisy in, 615 
Nose and lung cancer in nickel workers, 296 


Obesity 
extreme, cardiorespiratory syndrome of, 310 
hypoventilation in, 789 
Operation. See also Surgery 
(peration, intrathoracic, and high laparotomy, 
lung volume and function studies after, 202 
Ornithosis, bronchopulmonary, in France, 132 
Orthovoltage rotation therapy, 143 


Osteoarthropathy 


hypertrophic, in cancer, metastatic, of lung, 
165 
pulmonary, 458 
Gvarian tuberculosis, disseminated, acute, uni 


lateral, 609 
Oximetry, 71 


Oxygen consumption and respiratory muscles in 


transoperatory, 


health and emphysema, 790 
Oxygenation, artificial, cardiac bypass without, 
146 


Pacatal”. See Mepazine 
laryngeal 


Palsy, pneumothorax, spontane 

Is, 
Pancreas 

fibrocvstic disease of, roentgenography in, 286 


tuberculosis of, antimicrobials in, 774 


Pantothenic acid. See Acid(s 
Para-aminosalievlie acid 


resistant tuberele bacilli, 792 

streptomycin, and isoniazid in tuberele bacilli 
in cells from two different sources, 793 

or sulfone and isoniazid in tuberculosis, pulmo 
nary, in East Africans, 785 

in tuberculosis, pulmonary, goiter and myx 
edema from, 145 

Paraffin, liquid, oil aspiration pneumonia from, 

165 
Paraplegia of lower extremities in intrathoracic 


dumbbell-shaped tumor, 606 
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Pelvis, female, cancer of, detection survey for, in 
Navajos, 778 
Penicillin 
in aneurysm, aortic, syphilitic, 476 
intratracheal, Léffler’s syndrome from, 786 
phenoxymethyl, oral, in pneumococeal pneu 
monia, 622 
Penicillin G and V, oral, 622 
’enicillin V in respiratory disease, upper, acute, 
176 
Pentobarbital sodium anesthesia. See Anesthesia 


Pericarditis, acute, in infectious mononucleosis, 
770 
Pericardium 
calcification of, and histoplasmosis, 770 
effusions of, massive, angiocardiography in 
surgery of, 142 
in syndrome of congenital defects, 126 
Peritoneopericardial diaphragmatic hernia, 135 
Peroxidase 
purified, effect of isoniazid and p-cycloserine in, 
784 
reaction 
in population analysis of isoniazid-resistant 
tuberele bacilli, 312 
in tubercle bacilli in’ isoniazid-resistance 
study, 792 
Phenazine, derivative of, in bacteriologie and 
animal experiments, 307 
Phenothiazine derivatives suppressing eyclopro 
pane-epinephrine arrhythmias, 291 
Phthisis, ‘‘galloping,’’ 607 
Plasma detergent mixtures, erythrocyte sedimen 
tation rate in, 481 
Plasmacvtoma. See Tumor(s 
Pleura(e 
adhesions of, multiple, massive systemic pulmo 
nary arterial shunt through, 604 
biopsy of, Vim-Silverman needle in, 610 
effusion of, solitary, from myxedema, 128 
tuberculous 
in children, transient rounded lesions after, 
167 
diagnosis of, 607 
endothelioma of, primary, 606 
Pleural fluid, protein concentration in, 132 


Pleurisy, tuberculous, prognosis of, in Oslo city 


hospitals, 615 


Pleuropulmonary symptoms of systemic lupus 
erythematosus, 464 

Plombage, extrapleural, with synthetic balls, 
aortic perforation after, 775 

Pneumatoceles, tension, staphylecoceal intra 


cavitary suction tube drainage in, 293 
615 
coal miners’, 140 


Pneumoconiosis, 


mechanical properties of lung in, 779 
industrial, another, 298 


status of, 140 
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Pne umocystis carinit 
pneumonia, 606 
subclinical, 771 

Pneumonectomy 

complications, and drug-resistant tu 
berele bacilli, 787 

in tuberculosis, pulmonary, 
after, 790 


post 
pulmonary function 


Pneumonia 
adenovirus, 465 
in adults, during influenza epidemic of 1957, 
roentgenography in, 602 

chickenpox, prednisolone in, 132 

chronic, radiation therapy in, 302 

in influenza, Asian, 287 

influenzal 
fulminating, 287 
in stenosis, mitral, 287 

interstitial, pathologie concept of , 465 

oil aspiration, from liquid paraffin, 465 

plasma-cell, interstitial, 465 

pneumococcal, phenoxymethyl penicillin, oral, 

in, 622 
Pneumocystis carinii, 606 
trom Staph ylococcus aureus, 771 

Pneumonitis 
Pneumocystis, subclinical, 771 
radiation-induced, 783 
rheumatic 

clinical and laboratory findings, 466 
pathology ot, 466 
viral, fatal, isolation of adenovirus type 1 from, 
126 
Pneumoperitoneum pulmonary tuberculosis, 
776 

Pneumothorax 
artificial, ambulatory treatment with, 289 
in “eough” fracture of ribs, 767 

intrapleural, in pulmonary tuberculosis, 776 

spontaneous 
Boeck’s sarcoid causing, 127 
larvnges! palsy after, 132 
recurring, chronic, from endometriosis of dia 

phragm, 288 
and in dogs, pulmonary circulation 
after, 478 


Polaroid Land process in roentgenographic trans 


vagotomy 


parencies for projection, 475 

Poliomyelitis, patient-eyeled breathing aid in, 478 

Polysaccharides of tubercle bacilli, immuno-pre 
cipitation of, in gel, 792 

Porocephalosis nymphal, 131 

Porphyria, intermittent, acute, with respiratory 
paralysis, 288 

Pott disease, 134 

PPD. See 


Prednisolone See 


Tuberculin 
Hormones 
Prednisone. See Hormones 


Pregnaneyv and Hodgkin’s disease, 286 
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Prescalene node biopsy , 292 
Prophylaxis in tuberculosis, 144 


Protein(s) 


concentration of, in pleural fluid, 132 


serum, paper electrophoresis of, in pulmonary 
tuberculosis, 468 
Proteinemia in tuberculosis, pulmonary, 290 


Proteinosis, alveolar, pulmonary, 771 


Protoplast(s) from mycobacteria, formation of, 


by mycobacteriophage, 311 
Pulmonary. See also Lung(s) 
Pulmonary heart disease, anoxemic, 308 
Purpura, Schénlein-Henoch, and aspergillosis, 
primary, allergic, 604 
Pyrazinamide 
and eyeloserine, in tuberculosis, pulmonary, 
145 

or eveloserine, in animals vaccinated with in 
activated tuberele bacilli, hemagglutinin and 
globulin behavior ia, 313 

and isoniazid in tuberculosis, pulmonary, 622, 

786 

used topically in tuberculous empyema, 307 
in tuberculosis, pulmonary, 477 

drug-resistant, 145 
Pyridoxine and isoniazid, effect on serum inhibi- 

tory power, 146 
Q fever epidemic in Princeville, Quebec, 298 


Quartz dust. See Dust(s) 


Radiation 
chest, effects on pulmonary function, 794 
diagnostic and therapeutic, in an urban popula- 
tion, 474 
to gonads, reduction of, in pediatrie diagnosis 
174 
induced pneumonitis, 783 
supervoltage, thoracic, total, and intravenous 
infusion of stored autogenous marrow, 619 
therapy 
in neoplasm, bronchial, primary, 143 
in pneumonia, chronic, 302 
tadiography. See Roentgenography 
Radiology. See Roentgenography 
Rehabilitation 
professional and social, in tuberculosis, pulmo 
nary, 301 
in tuberculosis, skeletal, 621 
Relapse 
after surgery for pulmonary tuberculosis, 612 
of tuberculosis, pulmonary, after completion of 
chemotherapy in, 784 
tesection 
tuberculosis, 


and collapse therapy, in pulmo 


nary, relapses after, 612 
in mesothelioma, multiple, 612 
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bronchotomography of bronchial tree after, 
142 
in massive hemoptysis in infant with lung 
abseess, 135 
for metastatic lesions, 136 
in tuberculosis, 472 
in children, 138 
segmental, pulmonary infaretion after, 471 
in tuberculosis, pulmonary, 472, 612 
Respiration 
controlled 
hyperventilation from, metabolic acidosis of, 
789 
in status epilepticus, 622 
factors in, during heavy «xercise, 310 
in guinea pigs under pentobarbital sodium anes 
thesia, 313 
Respiratory 
dead space, and alveolar ventilation, in em 
physema and silicosis, 148 
disease 
acute, in R. A. F., 1955-1957, 141 
in childhood, hemadsorption viruses in, 618 
staphylococcal infection in, 606 
upper, acute, penicillin V in, 476 
effort, priority of, over respiratory center, in 
regulation of pulmonary ventilation in pulmo 
nary emphysema, 478 
failure, aminophylline, nikethamide, so 
dium salievlate in, 623 
lunction 
and aisease in alkaline dust workers, 779 
in the retractive syndromes, 479 
tests, in chest hospital work, 789 
in tuberculosis, pulmonary, chronic, 790 
of Witwatersrand gold miners, 310 
infections, and agammaglobulinemia, 458 
musele activity, and ventilation, airway re 
sistance in, 310 
muscles, and oxy gen consumption in health and 
emphysema, 790 
paralysis, in porphyria, intermittent, acute, 288 
response of guinea pigs to sulfuric acid mist, 314 
symptoms, tobacco smoking, and ventilatory 
capacity, 623 
tract 
lower, tumor-like amyloid of , 600 
and lungs, in Asian influenza, fatal, 463 
pH studies on, endotracheal aspirate ofl 
healthy newborns, 310 
svstem, 


Reticuloendothelial reactivity of, in 


tuberculosis, human, treated and untreated 

Retractive svndromes, respiratory function in, 479 

Rheumatoid disease and pulmonary lesions, 133 

Ribs, “cough” fracture of, pneumothorax in, 767 

Roent genography 

effusions, 


angiocardiography, in pericardial, 


massive, surgery in, 142 
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angiography 
automatic injector for, 302 
pulmonary, in tuberculosis, roentgenography 
in urinary tract after, 474 
selective, in normal and pathologic lung seg- 
ments, 474 
in bronchiectasis, diagnosis of , 766 
bronchography 
and bronchoscopy in bronchial cancer, 610 
preoperative, and broncho- 
pleural fistula, 782 


postoperat ive 


bronchotomography of bronchial tree, after lung 
resection, 142 

campaign in Edinburgh, 298 

densiography, pulmonary, fluoroscopic, 619 

diagnostic, hazards of, physicists viewpoint, 
783 

electrokymography in pulmonary vessels’ in 
bronchial carcinoma, 128 

in excavation of metastatic pulmonary nodules, 
175 

in fibrocystic disease of pancreas, 286 

fluoroscopy in pediatric roentgenography, 302 

in histoplasmosis, intrathoracic, 474 

iconography of lung diseases, miliary, 142 

in lupus erythematosus, systemic, and arthritis, 
rheumatoid, pleuropulmonary findings in, 619 

Muss 
in Brazilian cities, 615 
dual reading in, 299 
and morbidity, 615 
in sarcoidosis, 473 
in tuberculosis, pulmonary, 615 

in mediastinal borders, 302 

in myocarditis, interstitial, primary, in Haifa, 
174 

negative results in, causing ignorance of bronch 
ogenic carcinoma, 601 

pediatric, fluoroscopy in, 302 

in pneumonia in adults during 1957 influenza 
epidemic, 602 

pre-, state of silicosis, studies of, 780 

routine, tuberculosis diagnosed by, 467 

in sarcoidosis, pulmonary, 143 

stratigraphy and bronchoscopy in tuberculosis, 
bronchial, 302 

survey 
chest, of Amsterdam population, L411 
mass, evaluation of, in tuberculosis and heart 

disease, 141 


tomography, transverse, axial, of chest, 475 


in tracheopathia osteoplastica, 303 

transparencies in, for projection, Polaroid Land 
process in, 475 

in tubereulous cavities, diagnosis of, limitations 
of, 783 

in urinary tract after pulmonary angiography 
in tuberculous patients, 474 


Rupture, traumatic, of bronchus, 292 
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effect of BCG 


infection on resistance of mice to, 794 


Salmonella enteritidis infection, 
Sanatorium(s 
tuberculosis 
long-term patients in, 617 
pulmonary, patients in, antimicrobial results 
in, 304 
tuberculous laryngitis in patients in, 135 


M Vcoses 
See Tumor(s 


Sarcoidosis. See 

Sarcoma 

Schistosome eggs in feces, variation of, after tartar 
emetic, 288 

Schistosomiasis, acute, and cor pulmonale, acute, 
605 

Schénlein-Henoch purpura. See Purpura 

Scleroderma 

of esophagus, 166 

604 

Seotland, Edinburgh 
in, 208 


of lungs, 


roentgenography campaign 


Sea View Hospital, principal causes of death at, 
172 
Septal defects, interatrial, intravascular carbon 
dioxide gas in, 309 
Serum (a 
assay of free isoniazid in, vertical diffusion test 
in, 476 
calcium, in sarcoidosis, intravenous caleium in 
fusion test in, 127 


inhibitory power of, after simultaneous ad 
ministration of isoniazid and pyridoxine, 146 
maximal, of free isoniazid, in resistant 
305 


proteins, paper electrophoresis of, in pulmonary 


levels 


strains, 


tuberculosis, 468 
Shotgun-blast injuries of chest, close proximity, 
135 
Shunt operation with arterial homotransplants in 
Fallot's tetralogy or tricuspid atresia, 611 
Silics toxicity, neutralization of, in vitro, 780 
Silicosis 
and emphysema, respiratory dead space and 
alveolar ventilation in, 148 
experimental, 150 
pre-roentgenography stage of, studies of, 780 
pulmonary 
experimental, in rats with spontaneous tuber 
{SO 
morphologic studies of, 


simple, in retired miners, 781 


culous infection, 
as immunologic dis 


ease, 


Silicotuberculosis and tuberculosis, intraleuko 


eytie ascorbie acid in, 133 

Skin 
reaction to histoplasmin in Campania, 297 
tuberculosis, Vitamin C in, 469 


Smoke and atmospheric deposit in cancer and 


bronchitis mortality, 613 
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Smoking (of tobacco), 299 


lobeline as deterrent to, 771 


ventilatory ea 


respiratory symptoms, and 


pacity, 623 

Sodium salicylate in respiratory failure, 623 

Soot in human lungs, disappearance of carcino 
gens from, 778 

South 
173 

Spinal meningitis, tuberculous, 

608 


Spleen transposited into thoracie cavity and the 


America, 
without cerebral 
meningitis, 
vena cava superio: collateral circulation be 
tween, 777 
Sputum eytology, 482 
Staphylococcus 
empyema, 129 
in infants and children, surgery in, 470 
infections 
drug-resistant, combined antimicrobials in 
620 
hospital-aequired, 615 
pulmonary, in adults, 288 
606 
> 


pneumonitis in surgery of thorax, 137 


in respiratory disease 


tension pneumatoceles, intracavitary suction 
tube drainage in, 293 

Staphylococcus aureus, pneumonia from, 771 

p-tubocurarine and controlled 


622 


Status epilepticus, 
respiration in, 
Stenosis 
aortic, caleifie, surgery in, in adults, 295 
mitral 
disseminated nodular pulmonary ossification 
in, 769 
influenzal pneumonia in, 287 
pulmonary, without ventricular septal defect, 
tricuspid, clinieal and hemodynamic findings in, 
790 
Sternum 
bifid, autogenous cartilage in, 776 
in svndrome of congenital defects, 126 
Steroids. See Hormones 


Stethoscope earpiece fit, anatomic variations of 
auditory ¢anal in, 772 
Stomach and lung, plasmacytoma of, 467 
Strangulation, spontaneous, in diaphragmatic 
hernia, 470 
Stratigraphy. See Roentgenography 
Streptomycin 
isoniazid 
and kanamvyein, in VW. tuberculosis in mouse, 
626 
and PAS in tubercle bacilli in cells from two 
different sources, 793 
in tuberculous cavities, 306 
resistance 


and isoniazid resistance, 306 


Brazil, tuberculosis hospitals in, 
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of tubercle bacilli in tuberculosis, pulmo 
mary, primary, nontreated, 300 
resistant 
and isoniazid-resistant tubercle bacilli, viru 
lence of, 787 
PAS-, and isoniazid-resistant tubercle bacilli, 
792 
in tubercle bacilli, 476 
in tuberculosis, skeletal, 291 
vestibular nerve damage from, pantothenic acid 
in, 787 
experi 
mental, of guinea pigs, !44 


Sulfone or PAS, and isomazid, in tuberculosis, 


pulmonary, in East Africans, 785 


Sulfurie acid. See Acid(s 


in larvngotracheobronchitis, 
acute, 131 


Surgery 


in bronchiectasis, 294 
in cavities, open-healing, 294 
in drainage of pulmonary veins to right side of 
heart, 295 
in effusions, pericardial, massive, angiocardi 
ography in, 142 
electro-encephalography during, 775 
in enteritis, tuberculous, perforated, acute, 468 
in funnel chest, 611 
of heart, open, temporary cardiopulmonary by 
pass in, 294 
intrathoracic, followed by acute gastric and 
duodenal ulcers, 138 
oximetry during, 471 
post 
congestive atelectasis as fatal complication, 
774 
hypoventilation, hypoxia, and acidosis, 469 
in pulmonary conditions in childhood, 295 
in pulmonary lesions, metastatic, 612 
shunt with arterial homotransplants in Fallot’s 
tetralogy or tricuspid atresia, 611 
in staphylococcal empyema in infants and chil 
dren, 470 
in stenosis, aortic, calcific, in adults, 295 
successful, in sarcoma, pulmonary, 613 
of thorax, staphylococcal pneumonitis in, 137 
in tuberculosis 
pulmonary, 608 
in adults, 472 
electroeardiographie — irregularitic after, 
612 
relapse after, 612 
in ventricular septal defects and severe pulmo- 


nary hypertension, 470 


Sweden 


influenza epidemic of 1957 


trials, 297 


1958 in, vaccination 


occupational mortality in 3 professions in, 614 
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Tartar emetic, effect o., 
feces, 288 

Tebafen® in tuberculosis, 
308 


Tenth National Congress of Tuberculosis. report 


on schistosome eggs in 


pulmonary, chronic, 


to, on tuberculosis hospitals in Brazil, 473 
Tessalon®. See Benzonatrate 
Test (s) 
conversion, in schoolchildren, after BCG vacei 
nation, 138 
corticosteroids in experimental tuberculosis in 
guinea pigs, 794 
for drug-resistant tubercle bacilli, using culture 
media with multiple agents, 787 
Galle: 
303 


for histoplasmosis, using precipitin-in-gel re 


ta mellonella, in antimyecotie drug study, 


actions, 139 


of hypertension, pulmonary, monolobar, acute, 


788 

intravenous calcium infusion, in sarcoidosis, 
127 

for kanamycin sensitivity of tubercle bacilli, 
307 


Kveim, in sarcoidosis and family contacts, 473 
of liver perfusion, in isoniazid metabolism, 621 
niacin, in differentiation of human tubercle 
bacilli, 311 
peroxidase reaction, in population analysis of 
isoniazid-resistant tubercle bacilli, 312 
production of pulmonary tuberculosis czvities in 
dogs, 793 
pulmonary function screening-, in bronchial 
asthma, 308 
of respiratory function, in chest hospital work, 
789 
for tracheal function, standardization of, 148 
tuberculin 
intradermic, Finnish, 616 
nonspecific reactions from various PPD con 
centrations, 617 
PPD, reactions to two concentrations of, 781 
vertical diffusion 
in assay of free isoniazid in serum, 476 
in resistance of VW. tuberculosis and serum 
isoniazid level, 306 


1314 Th in tubereulosis, 788 


Thiosemicarbazone, 


water-soluble, and venous 
perfusion of isoniazid, in tuberculosis, pulmo 


nary, 306 


Thoracoplasty 


anesthesia in, 776 

kinking of 
causing giant evst in case of tracheal lobe, 
136 

in tuberculosis, pulmonary, 138 


paravertebral, bronchus — after, 


Thoracotomy 


compression of superior vena cava during, elec 


tro-encephalography in, 777 
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emergency, for massive spontaneous hemo 


pneumothorax, 777 
nonobstructive consolidation-atelectasis fol 


lowing, 776 


Thorax 
cavity oft, 
cava superior, collateral circulation between, 


spleen transposited into; and vena 


surgery in, staphylococcal pneumonitis fol 
lowing, 137 
Thorium inhalation from road dust on Niue Is 


land, 473 

Thromboembolism, postoperative, increased pul 
monary megakaryocytes in, 612 

Thrombosis 

of pulmonary arteries, major, 136 

peripheral, and segmental pulmonary 

artery 458 

mediastinal cyst of, 128 


venous, 
aneurysms, 
Thymus 
Tobacco smoking. See Smoking 
Tomography. See Roentgenography 
Torulosis. See Mycoses 
Trachea 

ciliary streaming through, 481 
and establishment of 
171 
function of standardization of tests for, 148 
bronchus 


subtotal excision of, 


sternal tracheostomy, 
lobe of, evst from, from kinking of 
after paravertebral thoracoplasty, 136 


‘racheobronchial deformity in tuberculosis, pul 


monary, patterns and dynamies of, 773 


Tracheobronechial tree, human, bacterial flora of, 


Tracheopathia osteoplastica, roentgenography in, 
303 

Tracheostomy, sternal, in subtotal excision of 
trachea, 471 

Trauma, pulmonary, pre-existing pulmonary dis 
euse in, 604 

Tricuspid atresia, shunt operation with arterial 
homotransplants in, 611 

Trifluroet hane 


in acid-base balance, 610 

vaporizers for administration of, 610 
Tritodothyvronine in’ tuberculosis, pulmonary, 
177 


Tryptophanase, isoniazid and its derivatives in, 


785 
bacillus i) 
acetone-soluble lipids of, in antimicrobial activ 


‘ubercle 


ity of microphages, 626 


air-borne droplet infection with, in’ experi 
mental animals, 150 
biochemistry of, for clinicians, 625 


bovine, in man, during 1953-1957, 616 
in cells from two different sources, strepto 
mvein. isoniazid, and PAS in, 793 


in the community, 300 


drug-resistant 
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and post pneumonectomy complications, 787 
tests for, 787 
late excretion of, in tuberculosis, primary, 134 
human 
niacin test for differentiation of, 311 
production of nicotinie acid by mycobacteria 
cultured on synthetic liquid-, solid-, and 
Dubos Tween*- albumin media, 312 
hydrocortisone in intracellular growth of, 793 
isoniazid-resistant 
peroxidase reaction in population analysis of, 
312 
and streptomycin-resistant, virulence of, 787 
kanamycin 
streptomycin, acriflavine, 8-azaguanine, 
Na azide in, 476 


susceptibility of, 


and 


149 


determination of, by direct and indirect 
methods, 307 

malachite green-fuchsin staining of, 149 

peroxidase reaction in, in isoniazid-resistanee 
study, 792 

polysaccharides of, immuno-precipitation of, in 
gel, 792 

single-cell culture of, 792 

PAS-, isoniazid-resistant, 


streptomycin and 


792 


from tuberculosis, pulmonary, primary, non 
treated, streptomycin and isoniazid 
ance of , 300 

Tubercles, sarcoid, at site of tuberculin injections, 
291 


Tuberculin 


resist 


adsorption of, to glass, 301 

allergy, in geriatric patients, 133 

desensitization, in keratoconjunctivitis, phlyve 
tenular, recurrent, 773 

human and avian sensitivity in Union of South 
Africa, 300 

injections, sarcoid tubercles at site of, 291 

and lepromin reactions, correlation between, 
and influence of BCG on nonreactors in lep 
rosy contact children in Djakarta, 140 

PPD 
different 

actions from, 617 

S, various doses of, changing cutaneous re 


concentrations of, nonspecific re 


action after BCG vaccination, 778 

test, reactions to two concentrations of, 781 
purified 

stability of, in high dilution, 300 

standardization of, for international use, 301 
reactions 

in dogs, 150 

re-evaluation of examination of, 300 
RT 238, purified, preparation of, 301 
sensitivity, in healthy and tuberculous persons, 

616 
stabilization of, diluents for, 301 
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survey, in British West Indies, 616 
test 
intradermic, Finnish, 616 
nonspecific reactions from various PPD con 
centrations, 617 
in tuberculosis, experimental, in guinea pigs, 
48] 
therapy, of mouse thigh tuberculosis, 150 


Tuberculoma. See Tumor(s) 
Tuberculosis 


adrenocorticosteroids in, 602 

in animals, domestic, public health aspect of, 
141 

inti-, antibodies in school children, 77 


x 


avian, in the human, 468 
and branchial cysts, lateral, 290 
bronchial 
bronchoscopy and stratigraphy in, 302 
chemotherapy in, 772 
steroids in, 133 
chemotherapy in, present status of, 619 
childhood 
bone marrow and peripheral aspirates in bac 
teriologic diagnosis of, 313 
in Hungary, 301 
lobectomy in, 137 
resection, pulmonary, in, 138 
eycloserine in, 304 
roentgenography and 


diagnosed by routine 


clinical symptoms, in French Armed Forces 
in Germany, 467 
diseases of, from different species of acid-fast 
bacilli, 624 
ethioniamide in, 788 
experimental 
in golden hamster, 151 
in guinea pigs 
corticosteroids in, 794 
isoniazid-streptovaricin in, 144 
tuberculin test in, 481 
of mice, kanamycin in, 626 
of mice and guinea pigs, kanamycin and other 
drugs in, 307 
gastric, and duodenal ulcer, 291 
of genital tract, menstrual blood in diagnosis of, 
134 
genitourinary, 
291 


and health, tuberculin sensitivity in 


infectiousness of, in women, 
clinical 
significance of, 616 
and heart disease, mass surveys in, evaluation 
of, 141 
hematogenous, with leukemoid reaction, 774 
hospitals, in Brazil, 473 
human 
kanamyein in, 476 
treated and untreated, reactivity of reticulo 
endothelial system in, 482 
infection with 
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of infants, by cured patients living in home, 
$73 
reactivation in lymph nodes of guinea pigs 
treated with isoniazid, 305 
inflammation from, corticosteroids in, 482 
in Japan, current status of , 618 
kanamycin in, in vitro studies on, 307 
laryngeal, 609 
causing laryngitis, in sanatorium 
135 
miliary, 


patients, 


adrenocorticals in, 144 
of mouse thigh, tuberculin therapy in, 150 
nonhospitalized patients with, drug trend in, 
619 
in a nurses’ school, 617 
ovarian, disseminated, acute, unilateral, 609 
of pancreas, antimicrobials in, 774 
primary 
in children, 144 
ingestion, 608 
late excretion of tubercle bacilli in, 134 
prophylaxis, 144 
chemotherapy or BCG vaccination in, 617 
isoniazid and BCG in, 617 
pulmonary 
acid-fast bacilli, atypical, in, 149 
in adults, surgery in, 472 
alpha-ethyl-thioisonicotinamide in, 620 
angiography in, roentgenography in urinary 
tract after, 474 
antimicrobials in, immediate and long-range 
results of, in sanatoriums, 304 
antistreptolysin titer in, 772 
aorta, thoracic, rupture of, in, 290 
in the Bantu, urban, 468 
and carcinoma 


bronchogenic, simultaneous occurrence of, 


772 
of lung, 607 
chronic 
blood lactic and pyruvic acids and ecardio- 
respiratory function in, 309 
drug-resistant, in Kenya, prednisolone in, 
620 
pathologic cardiac findings in death from, 
182 
respiratory function in, 790 
Tebafen™ in, 308 
cor pulmonale in, 773 
drug-resistant 
eyeloserine and pyrazinamide in, 145 
treatment of, 787 
endoscopy in bronchial changes in, 138 
glucuronate of isoniazid in, 785 
heterophile antibodies in, 467 
intrapleural pneumothorax and pneumoperi- 
toneum in, 776 
isoniazid-pyrazinamide in, 622 
kanamyein in, 786 
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Ivmphatie submucous endobronchial route in 
contralateral diffusion of , 313 

nonacid-fast bacilli in, 781 

PAS in, goiter and myxedema from, 145 

pneumonectomy in, pulmonary function after, 

primary, nontreated streptomycin and 

isoniazid resistance in, 300 

200 

77 


and eveloserine in 


protermemia it, 
ps razinamide In. 
145 

and isoniazid in, 786 

social, in, 


rehabilitation and 


301 


professional 


rel ipse ol 


chemotherapy, long-term, in, 145 
ifter completion of chemotherapy in, 7S4 
ifter surgery in, 612 

resection in 172 612 

roentgenography mass, in, 615 

in Salisbury, 782 


serum 


{OS 


proteins in pauper elect rophoresis 


surgery in, OOS 


electrocardiographic irregularities after, 
612 
thoracoplasty in, 13S 
tracheobronchial deformity in, 773 
L-triiodothvronine in, 477 
uropepsinogen excretion in, 290 
venous perfusion ol isoniazid and water- 


soluble thiosemicarbazone in, 306 
viomyein pantothenate-sulfate in, 30S 
sunatorium, long-term patients in, 617 
and silicotubereulosis, intraleukoevtie ascorbic 
iid 133 
skeletal 

isoniazid and rehabilitation in, 621 
201 


160 


streptomyvern in, 
of skin, Vitamin Cin, 
in general hospital, 142 


treatment ol 
of uterus 
p-Tubocurarine, in status epilepticus, 622 
Tularemia, diagnosis of , 782 
Tumor (s 


chemodectoma, mediastinal 


endothelioma primary, ol pleura, 606 
granulomin 
childhood disease fatal, new svndrome, 


chronic 


from 


disease from, in pulmonary infiltra 
75 


130 


tion. indeterminate, 
cosinophilice ol lung 
hamartochondroma, endobronchial, 280 
hemangioma, sclerosing, circumscribed, of lung 
lesions, 466 


ippearing as “com: 


hygroma, evstie, 777 
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as continuous chest 


murmur 


hypernephroma, 
131 

intrathoracic, dumbbell-shaped, para 
plegia of lower extremities, 606 

leiomyoma of esophagus, 772 

like amyloid of lower respiratory tract, 600 

of lung, malignant, presenting as cystie forma 
tion, 128 

mesothelioma, multiple, resectable form of, 612 

neoplasm 
benign, of lung, 466 
bronchial, primary, radiation therapy in, 143 

plasmacytom« of lung and stomach, 467 

sarcoma, pulmonary, successful surgery in, 613 

trophoblastic, and choriocarcinoma in women, 
chemotherapy of, 128 


tuberculoma-like shadows, chemotherapy in, 773 


Uleer(s 
duodenal, and gastric tuberculosis, 291 
of esophagus, 606 
gastric 
acute, and duodenal, after intrathoracic sur 
gery, 138 
chest pain in diagnosis of , 606 
peptic, and emphysema, pulmonary, 129 
United States 
cancer of lung, death rates from, 139 
echinococeal disease in, 296 
Urinary tract, roentgenography in, after pulmo 
nary angiography in tuberculous patients, 474 
excretion of, tuberculosis 
200) 


Uropepsinogen 
pulmonary 
Uterus, tuberculosis of, 135 
Vaccination 
BCG. See 


in influenza 


BCG vaccination 


epidemic of 1957-1958 in Sweden, 297 
pandemic of 1957-1958, 608 
Vaecine, tuberculosis, irradiated, in leprology, 479 
Vagotomy and pneumothorax in dogs, pulmonary 
circulation after, 478 
Vanadium poisoning, 473 
“Vanishing lung’ and unilateral emphysema, 604 
Vaporizers in trifluroethane administration, 610 
Vein(s) 
pulmonary 
drainage of 
partial, anomalous, 137 
to right side of heart, surgery in, 295 
Vena cava 
superior 
compression of, during thoracotomy, electro 
encephalography in, 777 
obstruction of, 289 
and spleen transposited into thoracic cavity, 
collateral circulation between, 777 
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Ventilation 


anomalies of, during anesthesia, 788 
manual versus automatic 
lung, 310 


’ in elastic recoil of 


pulmonary 


regulation of, in pulmonary em 
physema, 478 
and respiratory muscle activity, airway resist 
ance in, 310 
Ventricular septal defect and severe pulmonary 
hypertension, temporary artificial duetus in 
surgery of, 470 
Vertical diffusion test. See Test(s 
Vessel (s) 
changes of, and pulmonary hypertension in con- 
genital heart disease, 623 
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